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LAUNCH OF THE FRENCH IRONCLAD 
LE HOCHE. 


THE French ironclad Le Hoche was built after plans 


of Mr. Huin, one of the most distinguished engineers | 


of the navy. She is 328 feet in length at the load water 
line, draws 26 feet of water, and has a displacement of 
10,600 tons. Her defensive power is in keeping with 
her formidable armament, through the thickness of 
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| play of half anineh. As these pieces had to bear upon 


| the slides in case the ship inclined to one side or the} 


| other, they, as well as the slides, were tallowed. The 
shoe beneath the false keel was formed of three courses 
of oak, 12 inches in width, giving a total width of 36 
inches, upon which bore the entire weight of the ship. 
This shoe was divided into sections of such a length 
that the blocks could be put in place by merely remov- 
ling two consecutive stocks. 



































innovation at Lorient, it is well to dwell upon it a little, 
The launching way over which the shoe was to slide, 
and which rested directly upon the cross balks of the 
slip, was not continuous, but, over a length deter. 
mined by calculation, was interrupted here and there 
in order to make room for the wedges. The friction, 
then, oak against oak, was considerable: in the last 
launches it was 0°32. When the tallow is of good 


Between the false keel! quality, and is applied on the day of the launching. 














her armor plate, through her ironclad deck, through 
her ironclad turrets and ammunition passages, through 
her coffer dams filled with ceilulose, her numerous 
water-tight compartments, her cellular structure, and 
her double bottom. She was built in one of the slips 
of the Caudan shipyard, on the east bank of the} 
Seorf, and was launched on the 29th of September. 
Her engines and boilers are being constructed at! 
Indret. The boilers are to be of the locomotive type, 
and the engines are being made after plans by Mr. 
Huin. 

The method of launchizg selected by Mr. Huin was} 
the same as that adopted for the Indomptable and the | 
Formidable, i. e., throagh the intermedium of the false | 
keel. To the lateral keels were screwed stringpieces of | 
oak, between which and the slides there was allowed a | 





THE IRONCLAD LE HOCHE. 


and the shoe were interposed billets of oak, which were 
set very close together and nailed to the shoe blocks. 
A large number of wedges, driven in with force, ren- 
dered the contact between the shoe and keel very per- 
fect. 

As the false keel was quite narrow, and as it was 
through this alone that the vessel bore upon her cradle, 
Mr. Huin made an endeavor to offset this by substitut- 
ing for the oak billets, at intervals of 8 feet, oak tim- 
bers that passed through to the false keel, and the 
projecting ends of which supported a piece of oak 
which bore against the keel and thus increased the 
carrying surface. 

For preventing the vessel from starting too soon 
after the removal of the shores, a system of wedges and 





keys in pairs was employed, and as this constituted the 


the friction in the greased part is but 0°08. The ineli- 
nation of the slip is 1 to 12. 

Were there no wedges, the force that would earry 
the ship along would be given by the equation : 
F = P (sin a —f cos a) P cos a (tg a —Sf) 
in which P = 4,300 tons, tg @ = 0°083, and where we 
make f = 0°02, for the sake of precaution, instead 

of 0°08. 

We then have F = 271 tons. 

In this formula, as in the following ones, we shall 
take cos a@ = 1, seeing the small size of the angle a: we 
thus neglect only the square of the are 2. 

From the equation 


, 


F =p (tga—/f) or 5 =tga-tg a— St; 
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it results that if f were equal to tga or to 0°0833, the 
ship would not budge. We shall thus succeed in de- 
termining the number of wedges necessary to prevent 
the vessel from starting. 

Let a2 be the fraction of the length of the ship that 
they occupy ; 1 — a will be the fraction occupied by 
the tallowed part, and we shall have 

0833 = (1 — w) x 002+ a X 0°33 
or 
00633 = a2 K (0°32 — 0°02) = 03 a, 
0°0633 


c= = 0°21. 
03 


As this result 0°21 is independent of the weight of 


the ship, it follows that for the inclination of 1 to 12 
the wedges will prevent a vessel from starting if they 
occupy 0°21 of the length of any ship whatever. 

For the Le Hoche, 0°27 was taken, and the result was 
certainly successful. In order to give the ship a start, 
she had to be raised in this part so as to suppress the 
friction or to reduce it to a minimum. ‘To this effect 
there was arranged on each side of the wedges three 
strong wooden keys that were to be driven in by pigs 
of iron, weighing 110 pounds, supported by transverse 
slides, and each maneuvered simultaneously by six 
men. 

Four o'clock in the afternoon was the hour set for 
the launch, At three o'clock, when but a single row 
of shores were standing, the ceremony of beuediction 
was proceeded with. Then, one by one, the remaining 
shores were removed. The depth of water at the 
entrance to the slip being then 15's feet, Mr Huin 
judged that that was sufficient, and that it was un- 
necessary to wait any longer, so he had the two dogs 
knocked away. After this the ship was held back only 
by the wedges, and as she did not budge, it was evident 
that this mode of fixation was efficient. In order to set 
the vessel in motion, order was given to drive in 
the smaller keys. The 288 men, each one at his post, 
gave, altogether and in unison, tive blows, and then, 
after a delay of a moment, in order to judge of the 
effect, all these men were transferred to the larger 
keys. After three blows on these with the rams, a 
grating noise \vas heard, the great mass trembled, and 
the men had searcely time to get out of the way when 
the ironelad began to move, with a quick motion at 
first, and then a slow one, through the effect of the 
unwinding of the cables and the parting of the break 
ing bosses. She had not yet left the slip when a thick 
cloud of smoke hid her for a few instants. When this 
cleared away she was seen afloat and immovable, hav 
ing run to a distance of 150 yards. Everything passed 
off according to the engineer's expectations. An ex 
amination made after the launch showed that the 
tallow on the slides of the lateral keels was perfectly 
intact, thus indicating that the ship had borne only 
upon her false keel, and had listed neither to the right 
nor left.—Abstract from Le Genie Civil. 

Our large engraving is from Le Monde Illustre. 





TRIPLE EXPANSION MARINE ENGINES. 


At the recent Leeds meeting of the Institution of 
Mechanical Engineers, the following paper by the late 
Mr. Robert Wyllie, of Hartlepool, was read : 

The last few years may be regarded asa _ transition 
period in the history of marine engineering, as the 
high pressure triple expansion engine has now proved 
the successful rival of the double expansion compound. 
The object of the present paper is to bring forward the 
results of experience with this new type of engine, and 
to consider brietly the various points which have a 
direct bearing on its efficiency, as well as the most suit 
able design for marine purposes. 

Position of Cylinders.—There has been great dif- 
ference of opinion regarding the best method of plae- 
Ing the three cylinders in a triple expansion engine of 
ordinary size; and some very crude plans have been 
adopted since the introduction of the system by Mr. 
Kirk in the Propontis. The high pressure cylinder 
placed on the top of either the intermediate pressure 
or the low pressure has been tried, together with many 
schemes to lessen the difficulties of overhauling : while 
the main objections to this design appear to have been 
overlooked. With the exception of what was being 
done in the matter by Mr. Kirk, no further attempt 
seems to have been made to construct small power ex 
pansion engines « i. three cranks until about three 
vears ago, when the writer undertook to build one of 
700 indicated horse power which should fufiil the con 
dition that no more space was to be oceupied than 
would have been taken up with an ordinary compound. 
Engines of small power had previously been construct 
ed on the tandem principle ; but experience had shown 
the writer that, in order to take full advantage of the 
triple expansion system, an engine must be built on 
three cranks placed at equal angles; and the best 
oroof that this was the correct solution of the problem 
is the fact that the arrangement is now almost univer- 
sally followed, although, at the time, it was considered 
by the advocates of the tandem eugine and others to be 
a step entirely in the wrong direction, 

General Conditions of Hfficiency.—The most im- 
portant conditions to be considered in order to obtain 
an efficient engine are that there should be approxi- 
mate equality: first, in the range of temperature in 
each cylinder; secondly, in the initial stress on each 
crank ; and thirdly, in the indicated horse power of 
each engine. What may be termed the complements 
to these three essentials are: 1, steam jacketed ecylin- 
ders ; 2, cylinder ratios ; 3, velocities of initial and ex- 
haust steam ; 4, clearance and compression ; 5, receiver 
capacity ; 6, piston speed; ?, order of sequence of 
cranks, 

Steam Jackets.—The subject of steam jacketing, and 
of fitting evlinders with working barrels cast separately, 
has undergone considerable discussion among en- 
gineers, although the theoretical advantages of the 
system have long since been admitted. Keen com- 
petition seems evidently to have been one of the 
reasons why this fitting in many instances has been 
discontinued, in order to meet the demand for a cheap 
engine. Thorough investigation of the subject is 
beyond the scope of this paper; but the action of the 
eylinder surface, producing as it does an influence on 
coal consumption, deserves more attention than it 
often receives. In a single cylinder engine with a high 
ratio of expansion and a large range of temperature, it 
is well known that in each stroke there is excessive 
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' initial condensation, followed by partial re-evaporation. | the ports, and another diagram from the same cylinder 
In triple expansion engines, where attention is paid to | in the loaded ship; the cut off was equal in both in- 
the equal division of the total range of temperature | stances, yet in the latter case the receiver pressure is 7 

| among the cylinders in which the successive stages of | lb. lower, and the drop in the expansion curve is very 





| mitted at each stroke, the actual cut off in this case 


effective cut off. 


expansion take place, the benefits arising from the use | 


of jackets are naturally not so great as in a single cylin- 


der engine with a high ratio of expansion ; but how- | 
ever carefully the triple engine may be designed, the 
jacketing of at least the intermediate and low pressure | 
cylinders is essential to maximum efficiency. Beyond | 
the actual economy resulting from steam jacketing, | 
there are numerous practical advantages of a working | 
barrel cast separately. The cylinder barrel being one | 
of the most vital parts of an engine, it is essential that 
it should be of the finest material and of uniform | 
quality, in order to prevent it from wearing unevenly, 
as an oval or uneven cylinder means a leaky piston and 
increased coal consumption. In the case of a cracked | 
cylinder without an independent liner, the expense of | 
a renewal is very great, while a new liner costs but 
little ; and the additional facility given for heating up 
cylinders fitted with independent liners is a safeguard | 
against accidents of that description. 

Cylinder Ratios.—The ratio of cylinder capacities in 
a triple expansion engine depends on the pressure of 
steam and the type of engine. In cargo steamers, 
| where economy of fuel is of vital importance and a 
large range of reserve power is not necessary, the high 
pressure cylinder should be of such a diameter that 
with a cut off of from 50 to 60 per cent. the theoretical 
absolute terminal pressure in the low pressure cylinder | 
shal! not exceed 10 lb. per square inch. In war ships, 
where a large range of power is sometimes required 
and economy of fuel is not so important, the high pres- 
sure cylinder should be larger in proportion, so thata 
higher mean pressure can be obtained. In triple ex- 
pansion engines on three cranks, the intermediate 
cylinder should be so proportioned that, with 55 to 65 
per cent. cut off, the powers, the ranges of temperature, 
and the initial stresses in the three cylinders may ap- 
proach equality. 

Steam Velocities.—To obtain even approximate 
equality in powers, temperatures, and stresses requires 
the greatest care in designing the steam passages 
throughout the engine; and unless the velocities of the 
steam at the various points and the degrees of cut off 
by the valves are carefully proportioned, it will be 
found that these three elements of economy and of 
efficient working are very far from being realized. The 
greater number of published results show that the sub- 
ject is still inadequately appreciated. An expanded 
high pressure diagram taken from an engine with 155 
ib. boiler pressure shows that the velocity in the pas 
sages was by no means high, but the pipes were in- 
direct, and owing to specified requirements there were 
several altogether unnecessary valves; the result was 
a fall of pressure to 120 Ib., or a loss of 15 Ib. available 
initial pressure. When the objectionable bends were 
removed, the initial pressure in the diagram rose to 130 
ib., thus raising the ratio of expansion and increasing 
the general efficiency. The stroke of the engine was 3 
ft., and the revolutions 104 per aninute. A high pres 
sure expanded diagram from a cylinder of the same di- | 
ameter and stroke shows the revolutions to be 70 per 
minute. This shows how small the initial drop may 
be, when the sources of loss are thqroughly appreci- 
ated. 

Piston Valves.~—The use of piston valves on the inter- 
mediate and low pressure cylinders, especially in en- 
gines of moderate power, serves to illustrate how the 
indirectness of the valve passages impairs the efficiency 
of the steam, and in some cases more than balances the 
beneficial effect of reduced friction in the machinery. 
An expanded diagram taken from the intermediate 
cylinder of a triple engine fitted with a piston valve 
shows considerable wire drawing, which is to be attri- 
buted to the indirectness of the valve passages ; for in 
another diragram, taken from a similar engine in 
every respect, with only a slightly lower speed of steam, 
but fitted with an ordinary slide, the wire drawing is 
much less. 

Low Pressure Cylinders.—The low pressure cylinder 
is of course the source of the greatest inefficiency ; and 
too much care cannot be taken inthe design of the 
steam ports and exhaust passages. The steam passage 
should be as short as possible, so as to reduce the 
clearance to a minimum ; and the speed of the entering 
steam should not be so high as to cause excessive fric- | 
tional resistance, nor the speed of exhaust so high as to 
augment the back pressure; consequently, the great- 
est efficiency is obtained when the revolutions and in- 
dicated horse power are not required to vary to any 
great extent. Asan illustration, a diagram was taken 
from alow pressure cylinder which was designed for 
60 to 65 revolutions per minute; on the lightship trial 
the engines were run at 78 revolutions, and the vacuum 
was then 1°¢ lb. less than with the same cut off at 68 
revolutions, the loss being entirely due to the exces- 
sive exhaust velocity consequent on driving the en- 
gines at a greater speed than they were designed for. 
Contracted or indirect exhaust passages in the high | 
pressure and intermediate cylinders have the effect of 
causing a larger difference between the back pressure | 
on one piston and the initial pressure on the next, thus 
diminishing the efficiency of the steam. An illustra- 
tion of this defect is furnished by the diagrams which 
were taken from a triple expansion engine built in the 
North of England. 

Cut Uf.—The cut off necessary to maintain the 
equality of the three essentials for an efficient engine is 
governed to a great extent by the speed of the entering 
steam and the nature of the passages, inasmuch as the 
same amount of steam per stroke may enter the cylin- 
der at the ordinary working number of revolutions per 
minute as at a higher speed with later cut off and 
larger port opening; and in the latter case the dif- 
ference will be greater between the actual and the 
effective cut off. Anexpanded high pressure diagram 
was taken on a lightship trial, and shows the effect pro- 
duced by a high velocity of steam on the volume ad- 


being 8 per cent. later in the stroke than the virtual or 
In the intermediate and low pres- 
sure cylinders, too high a velocity of the entering 
steam will produce excessive frictional resistance, 
causing a drop in the expansion curve as well as an 
unduly high receiver pressure, thus disturbing the 
equality of temperatures and of initial stresses. A 
diagram was taken from the intermediate cylinder on 
a lightship trial with a high steam velocity through 





| cident. 


considerably reduced. A three crank engine, with its 
more uniform twisting moment on the shaft, and its 
approximately equal initial loads, presents every 


| facility for increased revolutions or higher piston ets 


and as lighter machinery for the same power developed 
admits of additional capacity for carrying cargo, the 
recognized standard of sixty revolutions per minute, so 
indelibly stamped on marine engineering practice, is 
unfavorable to the greatest economy. It is true that 
the absurdly bluff ron aft which is found in many 
steamers interferes with a high number of revolutions; 
but there is no reason why a considerable advance 
should not be made. Engineers are often severely 
handicapped and sometimes utterly baffled by the 
design of the cargo *‘ receptacle ” which has to be pro- 
pelled ; and should the speed not reach the unreason- 
able expectations formed, the general inefficiency of 
the engines is at once set down as the cause, although 
the ship may have a displacement coefficient as high as 
0-77 and may never run a straight course except by ac- 
That ships having a large cargo carrying 
eapacity and traveling at a 1ow speed are pecuniarily 
successful is not to be denied; but that beneficial 
results would follow from a slightly less box-like form 
is abundantly evident, though not yet universally ap- 
preciated in practice. 

Sequence of Cranks.—In a triple engine some diversity 


|of opinion seems to have existed as to the order of 


sequence for the three cranks. Many engines are ar- 
ranged with the high pressure crank leading, followed 
by the intermediate crank, and the low pressure crank 
last; which causes excessive variation in the receiver 
pressure, increased ranges of temperature in the eylin- 
ders and considerable differences in initial stresses. The 
better sequence is high pressure leading, low pressure 
following, and intermediate last. Expanded diagrams 
were taken from an engine built on the Tyne with the 


}common arrangement of cranks, namely, high, inter- 


mediate, and low: here the pressure in the receiverinto 
which the high pressure cylinder exhausts varies as 
much 22% lb., this largeamount being probably due to 
the receiver being too small, The temperatures and 
stresses in the high pressure and intermediate cylinders 
approach equality ; but the amount in each case is 
much greater than it would have been had the low 
pressure crank followed tne high pressure. Other 
diagrams taken from an engine built in Scotland show 
the same sequence of cranks, namely, high, intermedi- 
ate, and low ; but the receiver from the high pressure 
cylinder being here larger, the variation of pressure in 
it is reduced to12 lb. In thisengine, however, the tem- 
peratures and stresses are astray, the effects of the latter 
being shown in the crank-shaft diagram. In the next 
diagram the low pressure cylinder follows the high pres- 
sure, with the evident beneficial effect of reducing the 
variation of pressure in the first receiver to 6 lb.,and also 
reducing the ranges of temperature in the cylinders, as 


| well as the initial loads on the pistons. 


Number of Cranks.—The question of the most suit- 
able type of marine engine resolves itself into two 
general divisions, namely, engines working on two 
cranks, and those working on three. Considerable dif- 
ference of opinion has existed as to which is the better, 
and many engineers have decided in favor of the two- 
erank tandem, the high pressure cylinder being placed 
over either the intermediate or the low pressure. A pre- 
ferable arrangement is to place two cylinders on each 
crank. But both these plans present very objection- 
able features. In a three-cylinder tandem it is impos- 
sible to obtain anything approaching equality of tem- 
peratures, stresses, and powers; and therefore the re- 
sult is aloss of efficiency. In converting compound 
into triple expansion engines, the method of adding an- 
other cylinder on the top of the high pressure or low 
pressure is certainly an easy way of applying the triple 
expansion principle, but for obvious reasons it is a very 
objectionable one. In the diagrams from a tandem 
engine, in which every possible care was taken in the 
design, the results do not compare at all favorably with 
those from a good three crank engine. To have two 
eylinders on each crank is, undoubtedly, the best de- 
sign for a two crank engine on the triple expansion 
principle, as it is then possible to get an approximately 
equal initial stress on each crank. This arrangement, of 
course, necessitates one of the three stages of expansion 
taking place in two cylinders, instead of in one. The 
diagrams from this type of engine show the range of 
temperature, varying from 59° to 81°, while the crank- 
shaft diagram is even worse than that from an ordinary 
compound on two cranks. A marine engine should be so 
designed that any working part can be easily examined 
or removed, and this is impossible with a tandem 
engine. 

The arrangement of cylinders on three cranks fulfills 
the required conditions more nearly than any other 
design ; and that this is appreciated by many engineers 
and shipowners is evident from the rapidity with which 
the three crank engines are entirely Uisplacing the two 
crank, A few of the principal advantages are: (1) 
More uniform strain on shafting ; (2) adaptability for a 
higher rate of revolution and increased piston speed, 
thus obtaining increased efficiency from the steam in 
the engine, as well as lighter machinery in proportion 
to the power developed ; (3) less wear and tear ; (4) easier 
accessibility of working parts ; (5) interchangeability of 
parts, thus minimizing the consequences of a break- 
down ; (6) greater facility for repairs ; (7) easier adjust- 
ment of temperatures, stresses, and powers. All these 
features are deserving of investigation. 

Regarding the more uniform twisting moment on the 
crank shaft of a three crank engine, it is often advanced 
that the difference between crank-shaft diagrams from a 
two crank and a three crank engine is not so great as to 
cause any appreciable effect. It must be remembered, 
however, that the variable twisting strains on the crank 
shaft are reflected to a greater or less extent through- 
out all the working parts of the engine ; and it seems 
certain that the beneficial influence of three cranks is 
far beyond whatis generally accepted. There seems to 
be an impression that the length of an engine room is 
increased by the introduction of three cranks. But by 
placing the valve casings at the side, thus allowing the 
intermediate and low pressure cylinder covers to be 
brought close together, the total length of a three crank 
engine is made no greater than in nine-tenths of the ex- 
isting compounds. In the Orient liner Lusitania, since 
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has been converted to three cranks by the writer, Brothers’ screw steamer Shakespear differs from that 
istance longitudinally over the cylinders is one foot | in the Para and Jacatra in having the valves situated 


<horter than before, and the indieated horse power is | over the condenser, thus doing away with the exhaust 


S00 yreater i 

Vulve Gear —The arrangements for working valves 
are becoming very extensive, and a review of the vari- 
ous devices which are employed to distribute the steam 
in modern engines would by itself occupy a very lengthy 
paper. The requirements of a good valve gear are that 
it shall give at both ends of the cylinder an equal dis- 
tribution of steam at all grades of expansion, with a 
ininimuam of working parts and with noundue strains. 
(he four principal methods adopted to work valves are : 
first, by the single eecentric ; 
eccentric: thirdly, by taking the motion from the 
eonnecting rod; and fourthly, by a compound motion 
rod. All four of these have their advantages and defects, 
and vary considerably in complexity and in multiplicity 
of parts. Thesingle eccentric valve gear, giving almost 
perfect steam distribution, having few working parts, 
and being independent of the connecting rod or piston 
rod. seems eminently suitable to fulfill all the desired 
couditions. 
every satisfaction in actual working ; and the arrange- 
meut is sueh as to allow free access to all the working 
parts, while occapying a minimum of space. The end 
of the eecentrie rod reciproeates on guide bars, which 
are inclined at various angles to suit the desired action 
of the valve. Motion is imparted to the valve spindle 
from an intermediate joint in the eeecentrie rod, which 
moves in an approximately elliptic path. A slot in the 
tail of the guide bars admits of varying their inelina- 


secondly, by the double | engine. 
|trip of the African in Stokes Bay show 1,086 horse | vesse 


A sliding block gear of this kind has given | 


belt around the low pressure cylinder, and giving a 
| free, open front to the engines; all the working parts 
|are thereby rendered easily accessible, with every 


l 
| 








sure boilers for the thirty triple expansion engines 
designed by Mr. Wyllie, and in no instance had those 
furnaces given trouble. 

Mr. W. Parkem(Lloyd’s), after expressing his great 
regret at the loss of Mr. Wyllie, said he believed it was 
acknowledged by all steamship owners that the com- 


|facility for overhauling. The expanded diagrams} pound engine was now extiuct. He might mention the 


|taken from the Shakespear under average working 
|conditions have already been referred to. The equali- 





case of two large P. and O steamers built under his ip 
spection with exactly the same dimensions and the 


ties of temperatures, initial stresses, and powers are as | same power, one og by atriple expansion engine 


|near as it is practically possible to get them; .nd this} working 45 |b. 
result has been obtained by carefully considering the|an ordinary compound engine 


| various points which influence the efficiency 
The expanded diagrams taken on the trial 





ver square «inch, and the other by 


working 90 Ib, per 
of the|square inch. Both of them steamed at the same 
speed, twelve knots an hour, to Australia, and the 


with the triple expansion engine burnt 1,200 


power, developed at 8544 revolutions per minute. They | tons less coal than that with the compound engine 


ived from both the piston rod and the connecting | thus prove that there is a sacrifice of weight in triple | In the case of two other vessels, one was fitted with a 


}engines when making no more than 60 revolutions per | compound engine working at 90 pounds per square inch, 


|minute, inasmuch as the power developed at 66 revo-| carrying 3,000 tons cargo. 
|lutions per minute by the duplicate engines of the| hour, and burnt 20 tons ot coal per day. 


Shakespear is much less, namely, 871 horse power. 
|The expanded diagrams from the original compound 
| engines of the Union Company’s serew steamer Anglian 
were taken under average conditions on a voyage to 
{the Cape. The mean consumption of coal per day 
lover eight voyages was 24 tons, or about 2°1 lb. per 
|indicated horse power per hour. The compound 
j}engines were of the ordinary two cylinder type, the 
| valves being directly over the screw-shaft, and driven 
by the usual link motion. 


Diagrams were taken on a| 


| trial trip after the engines had been converted to triple | 


expansion; and on her voyage to the Cape, the 
|average speed being exactly the same as in the eight 


tion to different extents for a given movement of the| voyages above referred to, the coal consumption was 


reversing engine, thus altering independently the cut | one-third less, namely, 16 tons ; 
The long leverage and easy | a foreign station where the cost of fuel is about £2 per 


off in each eylinder 


motion reduce the wear and tear to a minimum, as re-! ton, the economy of the conversion is obvious. 
An objectionable | method of converting consisted in replacing the old 


sults in actual practice have proved. 


and as she is placed on 


TI 
1e 


feature, however, in an engine fitted with this sliding | high pressure cylinder by a new intermediate cylinder, 
block gear is that the valves are at the front, over the|and adding a new high pressure engine complete on 


starting platform ; 
belt round the low pressure cylinder to the condenser. 


To overcome this objection of the sliding block gear, a | gear. 
The eceentric rod, as | the high pressure and intermediate cylinders, the dis 


swinging link gear was designed. 
in the last case, is placed diagonally over the condenser, 


and the exhaust has to be led by a| the forward end of the serew-shaft, the high pressure 


and intermediate valves being driven by sliding-block 
By arranging the valve casings at the side of 


tance fore and aft over the present engines is very lit- 


but is here guided in an are of acircle, by suspending | tle more than before, although the power is now suffi 
it by a swinging link, eentered on a pin, which pin is| cient to drive the vessel one knot an hour faster than 


adjustable by the reversing engine into various posi 


her former maximum speed. The original compound 


tious for varying the grade of expansion either ahead or | engines of the Orient Company's serew steamer Lusi 


astern. 
‘The movements for working the valve are trans 
mitted from a joint at the end of the eccentric rod by a 


compensating link connecting the joint with one arm of | stroke of 4 feet ; 
an oblique lever. of which the other arm is jointed to the | square inch. 


valve spindle. The compensating link is an essential and 


tania were of the two cylinder type, with an expan- 
sion valve on the high pressure cylinder. The dia- 
meters of the cylinders were 58 and 103 inches, with a 
and the boiler pressure was 55 Ib. per 
The diagrams were taken under ordinary 
working conditions on a voyage from London toSyd- 


distinguishing feature of this gear; it is so placed and| ney, the average daily cousumption being 52 tons of 


proportioned relatively tothe other parts as to produce | Welsh 


coal. The old ceylinders were afterward 


practically equal port opening and cut off at each end | replaced by new ones, and a high pressure engine was 
of the stroke. There is a quick and aslow movement of | added complete, its valve being worked by swinging link 


the valve at each end of its travel ; the slow movement 


gear. By arranging the intermediate and low pres- 


being at the maximum port opening, and the quick | sure slide valves between the intermediate and low 


movement at the eut off. 

all grades of expansion. 
Practical Results.--In the 

steamer Para, belonging to Messrs. Steel Young & Co.., 


The lead is also constant at| pressure cylinders, the old gear was utilized ; and by 


reducing the valve casings to modern proportions, the 


engines of the serew! distance lengthways over all the three new cylinders is 
Subsequent diagrams repre- | 


one foot less than before. 


which made her maiden voyage to the River Plate|sent the present average working conditions of the 
about 3'5 years ago, the cylinders are 19 inches, 35/| engines, the increased power propelling the vessel at 
inches, and 58 inches in diameter, with 33 inch stroke. ja much higher speed. The coal consumption at this 
These being the writer's first triple expansion engines, | power is about 50 tons per day ; but traveling at the 
special arrangements were made for ascertaining the; former speed, the consumption is reduced from 52 tons 


actual coal consumption per indicated horse power. | to 37 tons; 


so that, allowing eighty steaming days for 


Although, in order to get a correct estimate of an en-|a return voyage to Australia, the saving of coal is 


gine’s performance, the quantity and temperature of 


the feed and circulating water ought of course to be! increased. 


capacity is largely 
represent a fair 


1,200 tons, while the eargo-carrying 
The foregoing results 


considered, yet there are so many practical difficulties | average of those obtained from thirty triple expansion 
in the way of getting these particulars on board ship! engines, all of the three crank type, which have been 
that it has been found impossible to obtain any reliable | designed by the writer during the last three years ; 


data on these points. 


This steamer still continues on | and are sufficient to prove that this kind of engine is 


the same run, averaging 9 knots an hour on 104 tons! most efficient, and is undoubtedly the engine of the 
of coal; and has not yet cost anything beyond the! future. 


usual overhaul for repairs. The great saving in coal 
consumption with the triple engines is apparent when 
comparison is made with two sister ships fitted with 
compound engines, the Ingram and the Wandle, be- 
longing to the same company, and built by the same 
builders ; the comparison is shown in Table L., which 
gives the average working over a period of three years. 


TABLE I.—Comparative Results from Three Similar 
Steamers with Compound and with Triple Ex- 
pansion Engines. 







Name of screw steamer Ingram. Wandle. Para 
Length, feet and inches : 257 «6 Bz 6 257 6 
Srendth, feet and inches “ BM O6 BM 6 346 
Draugh t and inches... 18 10% 18 6% 9 «4 
Dead cht carried, tons — ww 2.203 2,398 
l'ype of engines Compound Compound — Triple 
Boile sure, lb, per square inch... 75 7D 1”) 

Speer nots per hour . Klg ko 9 

Indicated ,horse power, total. ... 570 580 620 
Coal consumption per day, tons... 154 14 104g 


The diagrams are an expanded set taken during the 
three days’ trial of the Para; but owing to the inter- 
ediate cylinder being rather too large, the equalities 
oF teuperatures and of initial stresses are disturbed ; 
and the drop of the steam pressure in the intermediate 
cylinder is excessive, in consequence of the steam velo- 
city being too great. 

In Table IL. is given a comparative statement of re- 
sults from an approximately similar trio of boats in the 
same trade and under the same management on a 
round voyage to Java under average conditions. The 


triple engines in the Jacatra are of the same general | 


design as those in the Para, but of greater power; the 
coinpounds in the two other boats are of the ordinary 
type, 
TABLE 
with 
Engines. 








| 


Artificial Draught for Boilers.—The next step in 
marine engineering is probably the application of 
artificial draught to boiler furnances. Expanded dia- 
grams were taken from the engines of the screw 
steamer Stella, belonging to Messrs. Herskind & Woods, 
between Hartlepool and Dover on her voyage to Bom- 
bay ; and as a steady boiler-pressure is always main 
tained, the engine power may be considered as con- 
stant. The average speed between port and port from 
Hartlepool to Bombay was fully 9 knots per hour, the 
dead weight carried was 3.680 tons, and the daily con 
sumption of North Country coal was 13°6 tons. This 
performance is very remarkable, when the dimensions 
of the ship are considered, namely, length 302 feet, 
breadth 38 feet, and displacement coefficient as high as 
0-77. The special features of the arrangement are the 
method employed for heating the air both outside and 
inside the uptake, and the application of balanced fire- 
doors, which on being opened shut off automatically the 
hot air supplied by the fan, both above and below the 
fire bars. This is the first application of artificial 
draught to the boilers of triple expansion engines ; and 
should the results fulfill expectations, there is little 
doubt that the plan will be extensively adopted, as 
being yet another step toward economy of fuel. 

Mr. Morrison (Mr. Wryllie’s partner) said that the 
indicating diagrams had been taken by three opera- 
tors at practically the same instant, so as to minimize 
the possibility of error due to the fluctuations of steam 
pressure in the boiler and the two receivers. He had 
laid on 
trial of the Para, from which the members would see 
their true relative forms. He had also brought the 
actual diagrams of China tea steamer Kaisou, which 
made a very economical voyage last season. As a 


i —Comparative Results from Three Steamers | proof of the correctness of the results obtained by the 
Compound and with Triple Expansion Stella, he had on the table the engineer's abstract log, 


showing the total coal consumed on the voyage, and 


the table the actual diagrams taken on the} 


Spores g hon ae Fellinger. Padang. Jacatra. | also the daily steer of the ship. She was now on her 
Breadth, feet and inches ooebkge 7 = > +4 |second voyage, and according to latest advices was 
Dranght. etand inches.............. 20 3 21 9 21 6 | traveling at an average speed of 845 knots on a daily 
Type of conta sett tone... «+, 2,600 ard 3,000 . ame |consumption of 14 tons of very inferior coal. He 
toiler pressure, Ib per equare inch. bi, tn —— 00 | agreed with a remark made at the British Association 
Speed, knots per hour Saree 9 9% 10 | that the economy resulting from the application of | 
Goal connate oo a 

Dine per LE phe en ew |g ee le 

Quality of coal used. ................. German Cardiff 





The design of the triple engines of the Union Com- 
pany’s screw steamer African and Messrs. Glover 


ten knots an 
The second 
vessel was fitted with a triple expansion engine work- 
ing 150 lp. per square inch, and she made her voyage 
to India in the same length of time as the other, burnt 
the same amount of coal, and carried 4,200 tons of cargo, 
or 1,200 tons wore than the other. Other cases might 
be cited of a similar nature showing that the triple 
expansion engine was really the engine of the future, 
There were now 150 pairs of triple expansion engines 
running, giving results similar to those which he had 
mentioned. Practical experience. he thought, showed 
that four cylinders were better than three. He agreed 
that the intermediate and low pressure cylinders should 
be steam jacketed, but unfortunately jackets were sel- 
dom properly attended to In marine engineering. As 
to the question of three cranks or two cranks, there 
| was, he believed, a slight difference in favor of three 
cranks, but the two-crank engine could be made to 
work almost as uniformly. He had been recently told 
by the secretary of one of the largest mail companies 
that the engines altered by Messrs. Richardson, of 
Hartlepool, had given so much satisfaction that the 
company had determined to alter the whole of their 
fleet, finding that the difference in consumption 
effected by the alteration really meant the dividend. 
He was pleased to see present Mr. James Riley, of the 
Steel Company of Scotland, whose production of mild 
steel had enabled those changes to be brought about, 
and Mr. Sampson Fox, of Leeds, to whose energy and 
| perseverance they were greatly indebted. 

Mr. Charles Cochrane considered that the paper was 
|}a most valuable one, and he was very sorry that the 
author was not present to hear the comments made up- 
on it. It must be clear to all that a pound of coal was 
capable of evaporating various quantities of water, ac- 
cording to the boiler in which the combustion of that 
coal was effected, and he could not help feeling that 
the paper ought to be divided into two separate parts, 
one having relation to the boiler duty and the other 
having relation to the engine duty. In discussing a 
matter of this kind before such an institution, they 
ought to have some more scientific standard than that 
of pounds weight of coal consumed per horse power per 
hour. Wassuch astandard to be obtained? He con- 
tended that there was, and one to which any calcula- 
tors of the kind might be referred in future—nawely, 
to the total weight of steam used per indicated horse 
power per hour. In that way, and that way alone, 
could they deteet the faults of the engine and know 
whether it was doing its proper duty. The conditions 
of boiler which interfered with its evaporative power, 
such as the temperature of water introduced into it, 
ought not to be mixed up together; and if they 
were to discuss the merits of the engine on scien 
tifie data, they ought to adopt that standard of 
reference in future. He would venture to make a 
further observation. which was that where Mr. Morri 
son found the velocity of steam had really shown itself 
in the wire-drawn condition of the diagram, be had 
the elements of ascertaining what should be the lineal 
velocity of the steam when vetting the full expansion 
out of it. Knowing the size of the ports which had 
failed to give him perfect satisfaction, he had a grand 
opportunity of ascertaining at all the varying condi 
tions of pressure what was the lineal velocity of steam, 
which might be useful for every one when they were 
deciding on the size of their steam ports in any engine 
that was being constructed. 

Professor Kennedy protested against three cylinder 
engines not being classed as compound. He wished to 
join in Mr. Cochrane’s request that, if possible, Mr. 
Morrison would let them know the size of the ports of 
the engines. If that could possibly be given, the Insti- 
tution would be still wore indebted to Mr. Wyllie for 
the very large amount of information which he had 
put before them in such a concise form. The question 
of triple expansion engines had been a good deal before 
them lately, but he regretted that they had not yet 
got any exact experiments of any kind on marine en- 
gine economy. They had statements of averages, but 
those could not be entirely trusted, and he hoped 
that in the immediate future it might be possible to 
have some more accurate data togoupon. He thought 
it was not too strong a thing to say that the indicator 
cards did not show more than 75 per cent. of the steam, 
and those who had practically measured these things 
would bear him out in what he said. In the triple 
expansion engines the high pressure compression was 
very well carried out, and the high pressure clearance 
Was very small, but the fall of temperature was about 
the same as inatwo cylinder engine, and there were 
no jackets. In the Para the evaporation was stated to 
be 12 lb. of water per Ib. of coal; in the Anglian, 13°6 
lb.; in the Stella, 139 |b.; and in the Lusitania, 16 lb 
He did not hesitate to say that that was impossible 
with ordinary fuel From 12 lb. to14 |b. of water evap 
orated per |b of coal was about as much as could be 
got in acalorimeter, and in the case mentioned there 
was necessarily an imperfect combustion to begin with, 
and he believed that 10 lb. of water evaporated per |b. 
of coal was very good, and he should receive a state- 
ment of 11 lb. with very great reserve, and 121b., 13 1b., 
14 lb., or 15 lb, he could vot believe. Sueh figures 
were not consonant with anything that was known 
about the evaporative power of fuel. He, however, 


She steamed 


| artificial draught must be to obtain higher evaporative | did not wish it to be supposed that he disagreed with 
; ficiency with good coal, and not to attempt to con-| the author's main contention that three cylinder en- 
Mizea |Sme rubbish containing about 40 per cent. of clinker. | gines were better than two cylinder engines in particn- 


The all important faetor of high pressure to whieh | lar cases, and the reason of the advantage in those 


Leeds might be proud to contribute, namely, Fox's! cases was quite clear. 


It was legitimately obtained 


corrugated flues, had been fitted in all the high pres- according to the diagram by using higher pressure, 














9066 





and there was no reason on paper why it should not 
be equally well done by two cylinders. It did not 
preve that three cylinders were better than two, but 
simply that it was better to use 150 lb. pressure than 
50 it There were important practical questions 
which might make it inconvenient to use the high 
pressure in two cylinders, and there were also reasons 
for not doing so connected with the range of the tem- 
perature, with initial condensation, ete. He believed 
that inefficiency in the low pressure cylinder was 
caused mainly by defects of passages, by defects of re- 
ceiver, etc., and could be remedied by alterations out 
side the low pressure cylinder itself. 


SCIENTIFIC AMERICAN SUPPLEMENT, No. 568. 


| the soffit upon a vertical plane is the curved line of the 
larch, and is called the intrados, The upper limiting 
line of the arch stones, whether it be parallel to the 
intrados or whether it be made up of the broken hori- 
zontal-vertica! line of the steps, is called the extrados. 
The highest point of the intrados is the crown. The 
line or bed from wiich the arch springs is the spring 
line. If an arch be built in a wall connected with 
other work, the supporting beds of the arch are called 
|its abutments. The supports to two successive arches 
jare called piers. The sides of the arch are called the 
haunches or reins. The vertical walls included between 
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ula founded upon the observations of that noted 
writer, which we call for distinction his general form- 
ula, and that a formula which depends for its factors 
upon the thrusts as determined from the actual loads 
which the arch must bear, or the strains it must meet, 
would be more in accordance with the best practice, 
and the truth, than to try to rely upon any empirical 
forinula, no matter how near the truth such a formula 
may seem to be. Captain Woodbury’s special rule, as 
first given, is more in accordance with this principle, as 
| it is partially founded upon the forces in action to main- 
|tain equilibrium; but it could not be applied in our 











Large economies | the haunches and an imaginary line passing through | comparisons, because the loads which the various 


should be looked for rather in improvement in high| the spring line parallel to a line passing through the | bridges have to sustain are not to be had readily, and, 
pressure cylinders than in low pressure cylinders at | extrados above the keystone are called the spandrels. | therefore, two of the elements of his formula could not 


present. 
Mr. Mudd (Hartlepool) thought that the thanks of 


the Institution were specially due to Mr. Wyllie at this | 


time, when every one was engaged in the design and 
manufacture of triple expansion engines, working out 
his own ideas, and feeling his way through the practi- 
eal difficulties which higher pressure and higher tem- 
perature had brought into existence, and when the 
rinciple of triple expansion was only just emerging 
vom the experimental stage. Indeed, he thought 
that the paper ought to be regarded asa kind of legacy 
left to the Institution and to the profession at large. 
The author stated that the most important conditions 
to be considered in order to obtain an efficient engine 
were that there should be approximate equality, first, 
in the range of temperature in each cylinder ; secondly, 
in the initial strength of each crank ; and thirdly, in 
the indicated horse power of each engine. That was 
much too general a statement; at all events, he was 
not willing to admit it without considerable additions 
and limitations. It was either too wide or too narrow 
a statement to correspond with the facts. It was possi 

ble for an engine to comply precisely with those condi 

tions, and at the same time to be working most in- | 
efficiently ; and therefore it was clear that those were 
not the whole of the conditions that determined the 
efficiency of the engine. If they were the test of 
efficiency in a triple expansion engine, they must also 
be so in an ordinary compound engine and in a single 
engine, but the test would utterly fail in this last case. 

The efficiency of a triple expansion engine, like that of 
every other engine, was dependent on a large number 
of conditions which might be classified under two 
heads, namely, those which affeeted the efficiency of 
the steam and those which affected the efficiency of the 
mechanism. It seemed clear from other parts of the 
paper that the author intended only to allude to the 
question of efficiency of the steam, and not to the 
efficiency of the engines as a whole. The range 
of temperature in the cylinder was the one point of 
the three named by Mr. Wyllie which had a direct bear 

ing on the efficiency of the steam. With regard to 
steam jackets, he wished to say that if any one cylinder 
was to be jacketed, it should be the low pressure 
eylinder, although specifications frequently stated 

that high pressure cylinders were to be jacketed. 

Mr. D. Adamson said he had had some experience in 
regard to triple and quadruple action engines many 
years ago, but he had had no experience in regard to 
marine engineering. He had expressed his opinion 
that, instead of continuing the use of one cylinder, they 
ought, now that they had large engines and large 
shafts, to distribute the percussive force over many 
erank pins, and he was glad that Mr. Wyllie had 
brought the subject before them so prominently. He 
had several structures working at 250 lb. pressure. If 
they went beyond that, he thought a quadruple action 
engine would be required. There was something vet 
for young engineers to do in improving the economy of 
steam engines. He believed that dividing the force 
over three or four crank pins was much better than 
running the risk of breaking the shaft by putting the 
whole force on one. He was convinced by experience 
that a quadruple engine would beat the triple cylinder 
immensely. He was not alarmed at the irregularities 
pointed out by Professor Kennedy. The cards might 
be a little wrong and irregular, but they were the best 
means they had of getting the results. Mr. Parker's | 
observations had demonstrated the real economy of 
the triple engine. He had had some experience of 
high pressure steam. He had 3,000 boilers working at 
very high pressures, nearly all of steel, without having | 
had a single explosion. His own experience was that 
metals did not suffer until they got to 500°. With a 
comparatively pure metal they might have 550° tem- 
perature before it became dangerous, or even 600° in 
the case of a pure iron with no alloy. He thought 
there was a prospect of 200 lb pressure at least being | 
obtained by the multiple system. To work the triple 
action efficiently, the system of triple cranks should be | 
adopted. 

Professor Smith, of Birmingham, said he thought 
that after the criticisms of Professor Kennedy, they 
required some further explanations as to the calcula- 
tions made by the author. He was quite willing to be- | 
lieve in the evaporation of 9, 944, or 94% lb. of water per 
lb. of fuel, but he was very skeptical with regard to 
10 Ib. and upward. He thought that the greater 
efficiency of the triple expansion engines was chiefly 
due to the possibility of using a very much higher 
initial pressure, but the question still remained as to 
whether they ought to have more than two cylinders. 
In order to distinguish between the efficiency of the 
boiler and of the engine, it was only necessary to give 
separately the mechanical horse power of the boiler | 
and the horse power of the engine, to compare the one 
with the other, and it would generally be found that 
the engine horse power was greater than the mechani- 
eal horse power of the boiler. 


VOUSSOIR CALCULATION AND MEASURE- 
MENT. 
POWELL KARR, C.E., Consulting Architect, 
New York. 


By C. 


AN arch of masonry consists of a ring of wedge-shap- 
ed stones, called arch stones or voussoirs, pressing 
against each other at surfaces called bed joints, which 
are or ought to be perpendicular or nearly so to the 
soffit or internal coneave surface of the arch. The 
outer or convex surface of the ring may be either a 
curved surface parallel to the soffit or a series of steps 
to sustain the vertical pressure of that part of the load 


|The supporting blocks, or the two voussoirs at the 
spring line, are the skewbacks. 

In addition to their own weight, arches usually sup- 
port a permanent or moving load or surcharge of earth 
or masonry or both. Suppose an arch were divided 
vertically at the crown by a plane at right angles to 
the span into two equal homogeneous semi-arches. Sup- 
pose one of these semi-arches to be removed, and it 
were possible to ascertain the force which is just neces- 
sary to keep the remaining semi-arch in its place. 
This force is the thrust of the arch, and is called the 
horizontal thrust. It is equivalent to the mutual pres- 
sure which exists between the two semi-arches in posi- 
tion to keep them in equilibrium. The total thrust of 
the arch is the sum of the vertical and horizontal 
thrusts, and in an equilibrated arch this total thrust is 
transferred to the abutments or piers. The limits of 
this article will not permit of an inquiry into the theory 
of the arch or the principles of voussoir design, and we 
can only make a passing reference to them. 

In ageneral way, the thickness of an arch is assumed 
to correspond with some precedent or, in the absence 
of such, with the results of some empirical rule ; then 
the load which it must sustain is calculated, the loca- 
tion of the line of resistance is plotted graphically or 
ealeulated analytically, and the thickness of the arch 
is so adjusted that the centers of resistance of the 
voussoir joints shall fall within the middle third space 
of the depth of the arch ring. A most unscientific 
method, it is admitted, but it is the one which is gen- 
erally followed. The thickness of the arch is the eri- 
terion for the depth of the keystone. Captain Wood- 
bury’s special rule for designing an arch is the safest 
guide, Itis: Depth of arch at the key in feet is twice 
the actual thrust acting one-third of the length of the 
joint from the extrados divided by the pressure (P) per 
unit of surface at the upper edge of the keystone joint. 
Captain Woodbury also rewarks that in light arches 
the thickness at the key is found to vary from one 
thirtieth to one thirty-third of the span, and we will 
eall this his general formula. The writer’s observa- 
tions and study of existing structures would lead him 
to ask of engineers a modification of Mr. Trautwine’s 
formula for cireular and segmental as well as elliptic 
arches by changing the constant in the denominator to 
3°5 instead of 4, as Mr. Trautwine has it. We will pre- 
sent a table of comparisons. My rule is— 

4/ radius + half span : 
me £ no 4. __Ywv'y 


D 
TABLE OF DEPTH OF KEYSTONES BY EMPIRICAL 
FORMULAS. 


Edinburgh Bridge, by Mylne. 
ft.; depth of key, 2°75. 


Span, 72 ft. ; rad., 36 














Ft 
ie A DI... « iicece neneies cnncansicwesen 4°20 
span 
Formula: D = 18 in. + - 
23 
Sar NN HEIR. oc sai ett sdanscssoeseessen 2°32 
s/f radius + half span , 
Formula: D = { L + 0°2 ft. 
By Rankine’s rule. LPT ere ‘ 2°07 
Formula: D = 4/0°12 X radins, or 
D = 4/017 X radius for arch series 
Rg Pe TE rere anes 2°40 
Ss 2 x horizontal thrust 
Formula: D = —, or D = —- 
30 P 
I I, cc: wcesinnnasskemunemmethmisiaiead 25 


Formula: D = C 4/radius. C = 0°3 for stone; 0°4 
for brick. 
ee ie ities Che eee . 2°62 
radius + half spar 
a/ Tac ot ulf spa A 0-2 ft. 


By Karr’s rule.... 
Formula: D 


Chestnut St. Bridge, Philadelphia. Span, 60 ft. ; rise, 
18 ft.; radius, 34 ft. ; actual depth of key, 2°50 ft. 


OD rr eee ed 

a Em 

PPE £ibs utindasedecuicstecua sckaea Oe 
I sai 66nGdbde ce die. cemeio’ 2 se 
Hurst..... eteniadeesn! sntadendad 3°10 
BK cx awidn a iemictetbhviecr ae 


Dean Turnpike Bridge, near Edinburgh, Seotland. 
By Telford. Segmental arch; span, 90 ft. ; rise, 50 ft. ; 
radius, 48°90 ft. ; actual depth of key, 3 ft. 


By Perronet........ 6°05 ft. 


ele ee cg 

 « Jeucissdaaeaa an tneke enka Me 
Oo  WOGEEEG ; a cccsvces bencesceesbeeens. a - 
ce nd ne —_—- 
WR Cb ad cane ae hale ok undid ok ‘ 2°07 ‘ 


Wissahickon Bridge, Philadelphia. 65 ft. span ; 2¢ 
ft. rise; depth of arch stones, 3 ft. ; radius (by caleula- 
tion), 57°42 ft. Series of arches. 


By Perronet........ Sali picid i cossse SOOT. 
OF dacs atnie dheadaebeenage an 

EEE ee heeeatein  o 
a eye ihe 
¢ x earee lin nimcdincs sales ieaaias ea 
Sa a a ein tha sali dd io ale 2°90 ‘ 


It will be seen, upon comparison, that the proposed 
modification of Mr. Trautwine’s rule is much nearer, 
upon the whole, than his own or any of the others. In 
justice to Mr. Woodbury, the writer would say that 





which is superimposed upon them. The projection of 


the figures opposite his name are derived from a form- 


be obtained ; but in designing an arch, these, with the 
exception of the point of applicati®n of the horizontal 
thrust, are the known elements upon which the arch is 
to be based, and the formula can therefore be used. 
| Whenever the word “ crown ™ is used in this article, the 
nomenclature of Prof. Rankine will be adopted, viz., 
the “crown” is the highest point of the intrados, not 
of the extrados, as some writers use it. ‘These formule 
should only be used as clews to the discovery of the 
depth of the keystone, and therefore of the arch itself, 
for the final determination should be made by means 
of the graphical method of determining the line of re- 
sistance, and ag ear the depth of the arch to 
the depth of the load it is obliged to sustain. 


THE PRINCIPLES INVOLVED IN CALCULATION. 





For the purposes of preliminary calculation, the only 
part of a voussoir we need to draw or know is its 
face. An examination of all voussoir calculation will 
| discover everywhere a constant reference to and appli- 
}eation of the relations of the different parts of a tri- 
angle to each other. It need not always be a right- 
jangled triangle, but in the analytical method it gen- 
/erally is. Given two parts of aright-angled triangle, 
we can solve all the rest. In doing so we call to our 
aid the formulas obtained from plain trigonometry. 
In every right-angled triangle, the two sides adjacent 
to each other which include the right-angle between 
them are considered, the one side the base and the 
other side the perpendicular, and it does not matter 
which side is considered the perpendicular or the 
base, the side opposite the right angle is the hy- 
potenuse. The angle included between the base and 
the hypotenuse is called the angle opposite the per- 
pendicular, or the angle at the base. It is the angle 
which is the most constantly used in obtaining the 
value of the perpendicular. It is not necessary to 
know all the formulas which pertain to the right- 
angled triangle in order to solve the unknown side 
or angle. Theformulas in general and their deriva- 
tives are as follows: 

1. The perpendicular is equal to the hypotenuse 
into the sine of the angle at > base, or P=H Xsine of 


angle at the base ; also, sine= — 


(2.) The perpendicular is equal to the baseinto the 
| tangent of the angle at the base, or P=B  X tang. of 
| P 


| angle at the base ; also, tang.= — 
B 
| (3) The perpendicular is equal to the square root 
|}of the hypotenuse squared minus the square of the 
| base, or P=4/ H?—B? 

(4.) The base is equal to the hypotenuse into the 
| cosine of the angle at the —. B=HxXcosine of 





angle at the base ; also, cosine= — 


6.) The base is equal to the perpendicular divided 
Pp 





by the tangent of the angle at the base, or B= - 
tang. 
(6.) B=4/ H*—P? 
(7.) H=4/P?+B? 
| (8) The hypotenuse is equal to the perpendicular 
divided by the sine of the angle at the base, or 
| P 








H= 
sine of angle at base 

(9.) The hypotenuse is equal to the secant of the 
angle at the base into the base, or H=BXsecant. 

From geometry we have : 

(10.) Two triangles which are mutually equiangular 
have their homologous sides proportional, and con- 
versely. 

(11.) Two triangles are similar when they have their 

homologous sides parallel each to each or perpendicu- 
lar each to each. 
(12.) In a right-angled triangle, if a perpendicular is 
|drawn from the right angle to the hypotenuse: 
1. The triangles on each side of the perpendicular 
are similar to the whole triangle and to each other. 
2. The perpendicular is a mean proportional be- 
tween the segments of the hypotenuse. 3. Each 
of the sides is a mean proportional between the hy- 
potenuse and its segment adjacent to that side. 

Wherever similarity between two triangles can be 
| detected, the discovery is rewarded by a summary cal- 
culation. If you are not familiar with the methods of 
graphical caleulus, borrow an idea from the economy 
of that beautiful science. Its fundamental basis of 
comparison is the triangle, and the product of lines and 
areas is effected by means of the properties of similar 
triangles. Wherever similar triangles can be brought 
in, either by a constructed line or otherwise, to aid in 
the calculation, the solution can at once be proceeded 
with, and its accuracy and celerity is astonishing. 
By arbitrarily fixing the lengths of the chords of the 
voussoirs, as may be done sometimes, an entire set of 
voussoirs may be caiculated without reference to 
the value of more than one angle: and sometimes, 
under favorable conditions, even that may be dis- 
pensed with, as shown in our first and simplest calcu- 
lation. Endeavor, therefore, to divide the voussoir 
faces in such a manner by parallel lines or other 
constructions so as to establish symmetrical relations, 
so thatthe quantities involved can be thrown into a 
proportion, and the unknown term solved at once. In 
the solutions given, we have in every case used the 
values of natural sines, tangents, and cosines which 
are the values ofan are whose radius is unity, as fewer 
mistakes by the novice are likely to oceur than in 
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using the logarithmic sines, ete., unless the latter are | each voussoir on the bed joint, taken on a line passing 
in constant use. When the value of the radius is a| through the diametral section, such line being a con- 
whole number, the natural method is the shortest. | tinuation of the shaft diameter as shown in the draw- 

The student willat once perceive from the caleula-|ing. At the start we are informed that the circumfer- 
tions and the drawings that no allowance has been | ence of the shaft is to be divided into four equal parts 
made for joints. Whatever joint thickness has been de-| by the intersection of the radial joints. This fact at 
cided upon, such thickness is appended in a footnote | once determines the uniformity in size of all four vous- 
to the drawing, and the stonecutter must make his | soirs. Then we know, from having the size of one stone, 
own reductions accordingly. Thus, if the instructions | further calculation will be unnecessary. The method 
in the footnote read, ‘* All joints to be three-eighths| of procedure is as follows: Ist, to find the length of 
of an inch at most,” the stoneeutter must subtract | the chord subtended by the are. The circumference is 
three-sixteenths of an inch from each face except the | divided into four equal parts by the radial joints ; lines 
soffit face, in order to get the exact dimensions of the | joining these points, as shown in Fig. 1, will form the 
face. Where the section of a shaft intersects a tunnel, | chords of the ares, and also the side of the square 
and voussoirs have to be constructed to fit into the| which may be inseribed in the circle. This geometri- 
eurve of intersection, the voussoir stones will be of | cal fact enables us to find the chord at once, To find 
such a shape, having two curved faces not parallel to | the chord referred to the radius, we multiply the radius 
each other, that it will be impossible to convey to the| by 1°4142; or, referred to the diameter, by 0°7071. 
stoneecutter by means of elevations or sections an | These factors are thus obtained: Suppose we have a 
adequate idea of the contour of the voussoir. In such | cirele whose radius is unity ; inscribe a square within 
a case resort must be had to isometric perspective views | that circle. The diagonals of the square will intersect 
from various standpoints, and in extremely difficult | at the center of the circle, and are diameters of the cir- 
cases resort imust be had to miniature models of wood | cle. The semi-diagonals form two equal sides of a 
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Wey NS 4. right-angled triangle, and are radii of the circle. The 
chord of the intercepted are or one side of the inseribed 
square is the hypotenuse of this triangle. These re- 
479; od marks apply equally to each of the four triangles. On 
J2 the principle of geometry that the square on the hypo- 
F. tenuse is equal to the sum of the squares described 

1G. 1. on the two other sides (see formula 7), we can solve the 

hypotenuse of any one of these right-angled trian- 

PLAN OF HORIZONTAL VOUSSOIRS. dg Each chord of the intercepted are is a hypote- 
nuse. Let the radius be 1, then 1*+ 1? = 2,and y2 = 
made to the seale preferably of one inch equals one 1°4142, which is therefore the chord expressed in feet of 
foot. p the intercepted ares. Q. E. D. Thus we see that the 

In order to present the subject in a simple and, at | factor of multiplication referred to the radius is 1°4142; 
the same time, comprehensive manner, we have selected | OT, referred to the diameter, which is twice the radius, is 
for our illustrations from actual construction a plain | 7071. Upon inspecting the geometric figures inclosed | 
set of horizontal voussoirs, on account of their simpli-| PY the chords and a line parallel to one of them through 
city; then a set of typical vertical voussoirs, which the outside edges of the radial joints (as shown in Fig. 
are the most frequently met with. They are by no| !—® 2), we perceive the triangles so inclosed are homo- 
means to be taken as a model of design, for they are | !ogous, therefore the side of the smaller triangle ; ¢ 2’: 
too heavy for such a small span, but, in their outline | ¢ 2 :: 2 2 : 2 # (see equation 10), or 2: 33" ::2 Bae | owes 
and the method of their construction, they exemplify as sl 2°8284 + 3°25 | 
the principles involved in an arch of greater span and | 4 X0°7071 = 2°8284 = 2 94%" hence w = 
more intricate construction. We have concluded the| _ = oll : ; : Ae 
calculations by referring to a special case of horizon- | 49961 =4 Ty - The triangle x ¢z is an isosceles triangle, | 
tal voussoirs from actual construction, which involve | the angle 2 ¢ z isa right angle, the line ¢ y bisects the 
some of the difficulties sometimes met with in vous- | Side # 2 and the right angle a ¢ 2; therefore, the angle 
soir calculation. Where it is possible to drawan arch | ¥ 2 ¢ is equal to yc 2, both angles are 45°, and hence the 
to a scale of three inches equal one foot, and by | side cy is = toyz; but y z is equal to 4 of xz or to 
using a beam compass, great accuracy and delicacy of | 22978. By construction, the distance from the center 
line work may done, so that all the distances by con-| Of the circle to the outside edge is equal to 2’ 0" +-1’3" or 
struction ean be sealed off on a decimal seale, the |° 3” = 3°25 feet ; therefore the external unknown dis- 
thousandths part of a foot can be read off, and no| tance in the corners is equal to 325 feet minus 2°2978 
analytical work need be entered into if the drawing is | feet, equal to 0°9522 foot, equal to 113] inches. 
accurately made ; but this method is seldom pursued. | Summary of process : 1st. _Ascertain the length of the 

In Fig. 1 we have a plan of four horizontal voussoirs chord. 2d. Form a proportion of the sides of the two 
designed for the connection of a water tower shaft with | homologous triangles to obtain the outer unknown 
its sewer outlet. The faces shown in the drawing form |side. 3d. Bisection of the calculated side to obtain 
the bed joints for the superincumbent masonry, and the altitude of the large triangle. 4th. Subtraction of 
the altitude from the total distance of the outermost 
edge of the stone to the center of the shaft, to find the 
last unknown dimension required. 

In Fig. 4 we show the elevation of a typical full cen- 
tered arch. The arch is divided into five voussoirs 
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! 
therefore are not seen upon the completion of the well | having equal chords. As equal chords subtend equal | 
shaft masonry, The curved faces above are visible; | ares, and as equal ares measure equal angles at the) 
see Fig. 2. In deciding upon the lateral dimensions of | center, it follows that the angle 180° subtended by the | 
such stones, it is necessary to know what the horizon- | full centered arch is divided into five equal angles, or | 
tal pressure from without and within will be. The | 36° each. 

Weight supported by the stone must also be ascertain-| In planning the dimensions of a set of voussoirs to an | 
ed. he vertical depth may or may not correspond | arch whose intrados and extrados have been determin- | 
with the depth of the adjoining course of masonry, as | ed by a previous calculation, the chords of an even num- | 
its depth may be governed by other conditions, which | ber of ares are arbitrarily assumed at some convenient | 
should be studied. The elements of voussoir design readily measured distance, and are made equal through- | 








ture ; or the horizontal or vertical edges are assumed, 
radial lines are run to the intersections, and the radial 
joints and chords are calculated. In the plan before 
us, to simplify the calculation, we have assumed all the 
radial joints and chords to be respectively equal, joint 
to joint and chord to chord. For wall openings in or- 
dinary buildings to be spanned by small arches, no 
serious difficulty will occur in permitting the adoption 
of radial joints to act as the bed joints of the voussoirs. 
Such a plan has been adopted in this case, but in large 
spans, as in some large bridges where a moving load is 
to be provided for, with the utmost economy of mate- 
rial in the structure, scientific forethought requires the 
bed joints to be approximately normal to the line of 
| pressure. The voussoirs under consideration are called 
vertical voussoirs because they span a vertical open- 
ing, such as that of a doorway, a window, ora relieving 
arch in a vertical wall. The calculations required are 
the vertical and horizontal joints. In order to make a 
horizontal joint coincide with the bed joint of some 
horizontal course previously established, it is necessary 
sometimes to establish the intersecting vertical joint, or 
vice versa, but this is bad practice. The mason will 
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thank you to establish your horizontal joints of your 
voussoirs first and plan your courses to correspond, s0 
as to avoid difficult stone cutting and poor stone lay- 


1g. 
We have assumed a simple case in order that the de- 
monstration may be the more readily understood, and 
have avoided the use of logarithms in order to make 
the calculation plain to those who have had no time to 
learn their use and become familiar with their appli- 
cation. The principles involved are applicable to the 
solution of the most difficult problems in stone cutting. 
The order of procedure will be as follows: Ist, to 
find the chord common to all the ares, thus making 
necessary but one calculation; 2d. to ascertain all of 
the horizontal joints consecutively, beginning at the 
spring line of the arch; 3d, to determine the vertical 
joints in regular order, beginning at the spring line. 
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ist. To find the chord of stone A (see Fig. 4), denoted 
by db. We see by the drawing that the line a c, 
drawn perpendicular to the chord, bisects that chord ; 
from the principle in geometry that the diameter 
which is perpendicular toa chord bisects that chord, 
and forms two right-angled triangles acd and ac b. 
The side dc or c 6 is equal to the side d a or b a multi- 
plied by the natural sine of the angle opposite cd or c b 
(see formulai1). The angle opposite either of these 
sides, by reason of bisection, is equal to 18°, as the 


stand upon debatable ground, and the thickness of any 
given arch under every possible load is still au un- 
Known quantity. We shall confine our remarks in 
this article to calculation and measurement, to point- 
Ing out the desirable pathway of method and simpli- 
city to students and beginners, and we do not pretend 
to make an exhaustive expositiomof the subject. 

{n the drawing submitted (Fig. 1), the data given are: | 
Ist. The diameter of the shaft; 2d, the length of the 
radial jointsand their number; and 3d, the width of 


out, their angular measure is subtracted from the total 
angular measure of the arch, and the remainder be- 
comes the angular measure of the keystone, provided 
it is greater than the angular measure of the chord of 
one of the even number of arch stones; or the key- 
stone chord is arbitrarily fixed, either by some empiri- 
eal rule or by careful calculation from the conditions 
imposed upon the structure, and the remaining ares 
divided into an even number of ares where such a divi- 
sion will not conflict with the conditions of the struc- 





jangle at the center of the triangle d a b is 36° ; hence 
dc=da X nat. sine of dac, and be = de, dac= 18°;ad 
=2'0". Thenatural sineof 18° is 0°309017. These quan- 
tities being substituted in the last equation, we find 
dc = 0°6180 feet ; but db =dce+cb, therefore b dis 
equal to 1°2360 feet, equal to 1’ 233". ; 
This chord therefore is the chord of each of the five 
ares by the conditions given. 

2d. In the triangle aef, which is a right-angled 
triangle, we are to ascertain the distance ae. If we 


9068 


find ¢ A, which is equal to fg, by sub- 
ah, a distance which given, # 


know a e, we can 
tracting @ e from 
2 9%". 

aeis the base of the right-angled triangle a ef, and 
we solve it by the formula that the base is equal to 
the hypotenuse into the cosine of the angle at the 
base opposite the perpendicular (see formula 4), or a ¢ 

af xX nat. cosine of fae; af = 29% 2°7604 feet 
The natural cosine of f a e or 36° is 0°8. 9017; by substi- 


Is 


tution of these values in the last equation, we have ¢ f 


= 


feet Therefore ah minus «a e, or 2°7604 fee 
minus 2332 feet, is equal to O°5272 ft 6F} inches or 
the horizontal upper joint of A and E. Q E. D 

To obtain the horizontal joint of stones B and D, we 
perform a similar calculation with the triangle ak m 
The central angle is 72°, obtained by adding to its own 
the preceding ‘hord angle, the dotted lines being 
placed in the opposite quadrant, so as to avoid econtu 
sion of lines. Having obtained k (by formula 4), 
which by the way is just one half of the horizontat 
joint of the keystone, C, we subtract a * from a e, and 
obtain the horizontal joints of B and D. Q. EK. D 

8d. ‘To determine the vertical joint of we resort 
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KEY-STONE~G,. 
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to thetriangle aef. This joint or is equal to gh, 
and is determined by the formula that the perpen 
dicular of a right-angled triangle is equal to the hypo 
tenuse into the sine of at the base opposite 


f 


the angle 


the required side fheretore, fée=fa X uat. sine of 
36°. as we have seen before: fae 36 fa 27604 ft 
natural sine of 36° is OOST7T785; by substitation and) center (¢ a ) 
multiplication we have ff a 1°6225 ft. l1 ft. 748 in 
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ured bya chord of three feet. This stone becomes the | chord ; doubling it, we obtain 2°6238 ft., or 2’ 73}" for 


keystone of the arch. From each side of the keystone 
two chords of three feet each are laid off by seale, and 
the remaining chords, which belong to stones Nos. 1 
and 7, are caleulated. They are equal to each other. 

T'o ascertain the chords to these stones, we must tind 
the angles at the center subtended by them. 
all the premises necessary to do this. If from 
angle subtended by the diameter, which is 180°, we 
subtract the sum of the angles at the center of all the 
known cherds, we will obtain the sum of the angles at 
the center subtended by the two equal unknown 
chords 

Take any one of the known chords, as the keystone, 
for instance. The radius drawn perpendicular to the 
chord will biseet it and the angle it subtends. Con- 
ceive the bisection to have taken place by a radial line 
drawn indicated, connect the intersections of the 
chord and the are with the center of the circle, also the 
point of bisection, and we have a right-angled triangle 
a bc) whose perpendicular (¢ b) we know, by reason of 
bisection, to be 1 ft. 6in., and its hypotenuse (a ce), 
or radius of the cirele, to be, by construction, 6 ft. 6 in. 


= rit 


as 
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Solving this triangle with respect to the angle at the 
. Which is opposite the perpendicular, this 


ingle is one half the total angle subtended by the 
chord, and we have from the formula: The natural 


(o determine the vertical joint of B and D, we solve | sine of the angle opposite the perpendicular is equal to 


in the same way the triangle a4 * m with respect to the| the perpendicular divided by the hypotenuse. 





side Amy; by formula 1, &m am multiplied by 
natural sine of 72°, equal to 2°6252 ft. ; if from & 
26252 ft. we subtract fe or 1°6225 ft., we will have 1°0027 


ft. ft. and ,y in. or the vertical joint of B or D. Q 
EK. D. 
Knowing the distance km and the distance an 


m or| the hypotenuse is 6°5 ft. 


(See 
last part of formula l.) The perpendicular is 1°5 ft.; 

Substituting these values 
in the formula, and performing the indicated opera- 
tions, we tind the natural sine to be 0°230769. By 
referring to a table of natural sines, the correspond- 
ing angle is found to be 13° 20 32°44 Doubling this 


(2°7604 ft.), in order to find the vertical joints of the | angle, and discarding the decimal part of the seconds 


) 


keystone, it is only necessary to subtract 4m 
and we have 0°1352 ft. or 15¢ in. Q. EB. D. 

As the corresponding vertieal and horizontal joints of 
stones D and E are respectively equal to those of B and 
A, it is unnecessary to solve them separately, and all 
the facial joints therefore are caleulated. 

Asa check upon the calculation, it is wise to reverse 
the operation, that is, assume what was just proved to 


from a7, 


ealeulate what was first assumed. Thus, assume the 
vertical joints and chords, and calculate the radial 
joints and horizontals. By this proposition, in the 


we know the angle at the center to be 36°, 
fe or 1°6225 ft., to find the side 


triangle ae f, 
also the vertical distance 


af. Nowaf=fe divided bythe natural sine of f a e, 
1°6225 ~~ O'OSTTR5 27604; but ba or the radius is to 
20", of af minus a b, therefore bf O'7604 ft., or 
Ole in. 


In Fig. 14 we have a plan of a set of horizontal vous 
soirs such as are seen inthe water towers of gate houses. 
The set shown here are designed for the intersection of 
a horizontal outlet to the tower; the cross section of 
the outlet at the point of intersection is rectangular, | 
therefore the upper surfaces and bed joints are paralle 
to the horizontal course joints. The rising waters from 


* 











the tower pour over the edges of the intersection into 
the chamber beyond, not shown in the drawing. Stones 
Nos. 4 and 10 are the foundations of a pier located in| 
the center of the outlet to divide the inflowing water'| 
into twocurrents. The unfinished part of the cirele is; 
the brick wall of the tower. In the calculations neces- | 
sary to obtain the dimensions of the voussoirs, the pro 
cedure was as follows 

The foundation of the central pier in the water cham 
ber beyond the well curb was to be 11 feet 10 
long, point to point, and to be three feet wide. 
foundation was divided into two stones, Nos. 4 and 10. 
In showing the method pursued to caleulate the dimen- 
sions of stones Nos. 8 and 12, it will beshown how the 
center of the tower located with reference to the 
facades of the building. Conceiving the center of the 
tower to be properly located, we assume that the diam- 


was 


eter of the cirel. ‘continued passes through the center| (See formula 1.) 


line of the pier, as indicated in the drawing. 


The are! 0°2018318. 


by adding one to the whole number, we have 26° 41' 5 
as the angular measure of the chord of the keystone. 
We multiply this result by 5, as there are five equal 
chords, each subtended by this angle, to give us the 
sum of the angles at the center subtended by the sum 


of the tive equal chords ; thus (26° 41,5 5 = 133° 
23°. Subtracting this sum from the total angular 
measure of the semicircle, or 180°, we have 46° 34’ 35 


as the angular measure of the sum of the two unknown 
chords; but these two chords are equal, thérefore one 
of them is measured by one-half this angle, or 23° 17 
175". ‘To find the chord corresponding to this angle, 
we reverse the process of finding the angle from the 
chord. By bisecting the angle at the center, and form- 





We have | 
the | 


| the chords of stones Nos. 1 and 7. 


| 


Q. E. D. 

Now that we know all the chords, and all of the 
radial joints are known by construction, we take the 
|same course of procedure as indicated in the caleula- 
tions of the vertical voussoirs, to obtain the vertical 
and horizontal joints to stones Nos. 1, 2, 6, and 7. 

To find the vertical joints of Nos. 3 and 5, we sub- 
tract, found by previous calculation, but résults only 
given here, the sum of the vertical joints of stones 
Nos, 2 and 3 from the distance of the horizontal joint 
of 3 or 5 to the springing line of the arch. ‘To find the 
distance a ¢, we have ae = ab + be: a Bb can be 
found from the right-angled triangle abe; ab 
x cosine of b ac (by formula4), orba = 4/ac— eb (by 
formula 6); b e we know to be 2’ 0". The vertical joint 
of No. 3 or 5 is then found by subtracting from a ¢ 
the sum of the vertical joints of Nos. 2and1. Q. E. D. 

To loeate the center of the tower with reference to 
the main walls of the building, the following method 
was pursued : 

Let » p bea portion of the face of the interior wali 
of the gate house chamber, and p* / a portion of a face 


| 
| 


a 


e 











of an interior wall at right angles top p’. The exact 
location of the pts. p or p® are unknown; at right 
angles top p’ lay off po 5° 9"; at right angles to 
p® llay off a line 7 equal to 6 0"; from the points o 
and 2? draw two lineso a and /? parallel respectively 
to pp and p* land intersecting at the point a, which 
will be the center of the tower. With @ as a center 
and a radius equal to 6 6” deseribe a circle ; the circle 
so described will be the horizontal projection of the 
circumference of the tower, that is, its interior circum 
ference. Because the two lines which intersect at a 
are parallel to two lines which are at right angles to 
each other, it follows that the lines so drawn are also 
at right angles to each other, therefore the angle o a / 
is a right angle; bisect this right angle, and prolong 
the line of bisection through the point &. Through 
the points m and /f draw lines parallel to a 6b; they 
| will intersect the lines p p’ and p* / in the points p and 
|p? and their distances from the line m f are required, 
and all the dimensions of stones Nos. 8 and 12, except 
the distances marked 2’ 0°, which are given. 


The dis- 
tance @ 0 is also required, for the distance of a given 
| point within the building to a line passing through @ 
lat right angles to p p’ is 27 ft. ; then, if o @ is known, 
the distance of p from the same given point can be 
| determined. ; ; 

| The central line of the pier is made coincident with 
| the line which bisects the right angle ata. The lines 
|\m p and fp? are tangent respectively to the circle at 
}the points m and f, therefore m aU is a right angle. 
|The two triangles a mnand a b' ” have their sides 
| respectively parallel each to each ; they are therefore 








K 
a 
@ 


inches | ing a right-angled triangle, one side of which is one-! 
—s ; 
rhis half the unknown chord, we have a triangle whose 


hypotenuse and the angle opposite the half chord 
(iL 88 88°75") we know, to find one-half of the chord 
which is the perpendicular of the triangle. The formu- 
la used is: The perpendicular of a right-angled triangle 
is equal to the sine of the angle at the base opposite 


the perpendicular multiplied by the hypotenuse. 
The natural sine of 11° 38’ 38°75" is 
The hypotenuse is 65 ft. By substitu- 


intercepted by the sides of the pier is therefore meas- tion of these values, we obtain 1°3119 ft. for the half 






similar and equiangular, but the angle n a b’, by con- 
struction, is 45°, therefore m an is 45°, therefore m n @ 
is 45°. The triangle «@ m n is therefore isosceles, and 
mn=am. 

We now have to find the relations existing between 
the two triangles am nand no p, in order to deter- 
mine the distances ao and m p. The principles in- 
volved in determining these distances are precisely the 
same for determining the distances fp? and a /*, but 
only the former will be worked out to show the method 
of reasoning involved. 
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We have proved that a m b is a right-angled isosceles 
triangle, therefore mn = to 6' 6’, because @ m is 6 6". 
Now an can be solved by two methods, either by the 
method of squares or by the formula for obtaining the 
hypotenuse when the perpendicular and the angle 
opposite is given. Using either method, the result is 
9 2°," =an. All the elements of the triangle a mn 
now are known. 

Observing how the two triangles @ mn and 7 0 —p are 


Fig, /2.- 


| other as their altitudes ; therefore, if we can reduce all 
|of these rectangles to a set of rectangles having an 
|equal base, we can compare their altitudes by scale, 
and at once determine by the shortest altitude which 
rectangle is the smallest without any calculation; hav- 


|ing determined that, we can proceed to its calculation, 
| Let Ki = the common base (Fig. 11) and & nv its alti- 


tude, then will the triangle Ain bea triangle whose 


‘area is equal to one-half the rectanglek/ mn. In the 


Cc 





Rb 


and therefore this area must be carefully calculated. 
This is done by resolving the face into triangles or 
parallelograms, by construction lines, and adding the 
sums of these areas in the usual way. For example, in 
Fig. 9, showing the keystone, C, the point indicated 
by d is the center of the circle of which de and df are 
radii, ef is the chord of the are of the keystone, and hg 
is drawn parallel to the chord/Ag. By this construc- 
tion we have two symmetrical triangles, af eandagh; 
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formed by the intersection of their own sides prolong- 
ed, we know from a principle of geometry that when 
two lines intersect each other, the angles opposite each 
other formed by such intersection are equal each to 
each; therefore the angle on p is equal to the angle 
anm; but we have proved a 2 m to be equal to 45°, 
therefore the angle o n p is equal to 45. Now the 
angle no p is aright angle by construction. The sum 
of the interior angles of every triangle is equal to 180 

if thenonp+npo + pon = 180", andpon = 90°," 
and o » p = 45°, we would have by substitution and 
transformation o p n = 45°; therefore the triangle pon 
is a right-angled isoseeles triangle, and 2 0 = 0 p; but 
op = 5 9", thereforeon = 5 9". Nowoa@=on-+na; 
on=5' 9'.na=9 25", as we have seen; by substi- 
tution in the last equation, 0 a = 14’ 117;". Q. E. D. 

In the triangle n o p we have o p and o n given, and 
either angle opposite the right angle to be 45° ; using 
either the method of squares or finding the hypote- 
nuse when one side and the angle opposite is given as 
before, we find 2 p = to 81317 feet; mp = mn+unp; 
mn = 6 6"; np =8 1§}"; then will m p =14' 7}". Q.E.D. 

The distance from to s is found by adding together 
the vertical joints of Nos. 1 and 2 and the vertical joint 
of stone No. 13. Subtract this result from m p and we 
have sp or2' 73]; the distance of sfrom s' is 2’ 0", 
therefore s' p is 73}. ‘To show how p rand the similar 
distance on stone 8 are obtained, an enlarged drawing 
has been made of stones 12 and 8; r wis fixed at 2 ft., 
ts is also 2 ft.; from p draw py parallel to ts and at 
right angles tos pand ty; prolong prtoz; prolong 
tytoz;the angle zp y is equal too pm, and is there- 
fore 45°; zy pisaright-angled isosceles triangle, there- 
fore zpy and pz y are each 45°, and by the same 
method of squares or the value of the hypotenuse in 
terms of a side opposite and the included angle, as 
shown in the two previous demonstrations, we deter- 
mine the hypotenuse Zz p or 2’ 91%"; but z 7 by con- 
struction is 2 0”, therefore 7 p is 94§"; but yu=rp 
since p y =yy,and we thus obtain ¢ uv directly by 
subtracting yu or 9}§ from yt or 2’ 7%}, and we ob- 
tain 1’ 9g}. 

In calculating No. 8 thesame principles are involved, 
but the line passing through the center of the tower at 
right angles to a o is 6 0" away from the facade of the 
building instead of 5' 9", and therefore the calculated 
distances will be different, as shown in the drawing. 

MEASUREMENT. 

In Figs. 8, 9, and 10, we show diagrams of stones A, 
B, and C, indicating by the arrows the dimensions re- 
quired by the stonecutter. To arrive at the dimensions 
required, we scale off on the drawing, for instance, the 
distance @ and b, and it is evident that these distances 
must be taken as two of the co-ordinates of the cube, 
and the depth which must be marked on the face of 
the stone will be the remaining co-ordinate. The two 





rectangle efgh lay offon kl,ef=ef, and onkn, 
kh'=eh; draw f' h parallel tod h’, obtaining kh, 
which is the perpendicular or the altitude of the tri- 
angle h k 1, which is equal to one-half the area of ef 
yh. Also make a b' = a 0 of the rectangle, and ad 

a d of the rectangle; draw b' d parallel to/ n, and we 
have dk, the new altitude; now d k / = one-half the 
area ofabed. Asall of the triangles we have ob- 
tained have a common base & /, and different altitudes, 
we ean consider their altitudes as their areas, and we 
discover that the triangle, and therefore the rectangle, 
and therefore the cube of which & ¢ = ad forms a 
part, is the smallest by comparison, therefore a@ bc d 
is the surface of the smallest cubical body from which 
the stone B can be cut. It is now calculated in the 
usual way, and the others are erased from the drawing. 
This simple and ready graphic method we would 
most earnestly recomend as saving a vast amount 
of labor and time; and when care is taken in scaling, 











former distances @ and } must be accurately calculated; 
we have shown how } was obtained. In the triangle 
bounded by the lines mh f, the angle included between | 
f and mis36°, because m is paralle! to a b and f to a d, | 
therefore the included angles are equal each to each ;| 
and in this way, going from corner to corner, inspect 
the unknown parts and find what relation they bear 
to known parts, or resolve them into triangles, and 
solve them by some of the methods we have used, or 
others equally simple. Often the solution of one un- 
known part will, by simple subtraction or addition, 
furnish two or three required distances, notonly to the 
stone from which they came, but also to the adjoining 
stone. Always on the Jookout for symmetrical triangles 
to obtain an unknown part by simple proportion, or 
arranging constructed triangles with reference to ob- 
taining the relation of alternate angles, is often of great 





service in economizing time and simplifying solutions. 

In such a stone as B (see Fig. 10), whose outline we! 
give surrounded by three different squares, viz., ab ed, | 
ef gh,andkimy, itis difficult sometimes without 
an elaborate calculation to tell how small a cube the! 
voussoir can be cut out of. It is perhaps needless to} 
say that for economy’s sake the dimensions of the! 
smailest cubical body out of which the given voussoir| 
can be cut must be the one ordered from the quarry- 
man. In order to avoid the tediousness of so much 
calculation, and at the same time to insure the order- 
ing of the smallest cube possible, we proceed by the 
graphic method to compare the dierent dotted 
squares or rectangles to a system of rectangles having | 
a common base. In the first place the rectangle a be d | 
is laid out by inclosing the stone B, as indicated, and | 
€ J g his found by sealing across the apparently 
broadest space, as o p, and on it as a base construct a| 
rectangle which shall just inclose the voussoir. Also | 
scale the distance s d, and on it construct a rectangle | 
Which shall just inelose the voussoir. By seale as-| 
certain the longest side, and let this be the base of the | 
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results are sufficiently accurate for all practical pur- 
poses. 

Having obtained the area of the smallest rectangle 
which will contain the face of the voussoir, the cubical 
body required is obtained by wultiplying the area so 
found by the depth assigned to the stone, or rather 
thickness. This will give the cubic feet in the stone; 
this is reduced to cubie yards either by some con- 
venient conversion table, or in its absence by tedious 


triangle of comparison, as k/ for example; inthe diagram | calenlation. 


of comparison, Fig. 11, we have doubled all the com-| 


the solution of any distance, as 4g, can be obtained, 
knowing df, fe, and dg, as we have shown in a differ- 
ent calculation, and the area of the triangle dgh can 
be obtained. If from this triangle we subtract the 
area of the sector d fle, we will obtain the area of the 
figure flehg. ‘To this add the area of the rectangle 
ghmn, and the area of C is obtained. In such or a 
similar way, the area of every dressed face can be ob- 
tained. To those who have no acquaintance with 
trigonometry or the higher mathematics, the method 
of graphical calculus offers the simplest solution of the 
difficult problems of areas and determination of lines, 
and at the same time great accuracy may be obtained 
in the results. 


THE GRAPHICAL METHOD. 


Let abc (Fig. 12) be any right-angled triangle, form- 
ing a part of some voussoir face. It is required to find 








Where hammer dressed or surfacing work of any kind 


ponents in order to render the lines less confusing. In| other than joint surface is required, the work is con- | 


practice, this diagram should be drawn three times | 


greater than the scale of the drawing it pertains to. | and is paid for at so much per superficial foot. In such 
From a proposition in geometry we have the prin-| stones, only the surface of the finished face is paid for 


sidered as extra to that given for quarry dimensions, 


ciple that rectangles having equal bases are to each | and not the full size of the corresponding quarry face, | 


its area. Draw accurately to the scale of one inch 


, --—s 
‘i 








N PA 
i 2°95. he V7 
we — wars ey 2% ~~ CS 
~ } 
‘XS, | 
>. 
~ 








equals one foot the dimensions obtained by construc- 
tion; their actual numerical values need not be known; 
then set off on ba (Fig. 13) the dimension ba=ab and 
be = be, like letters inclosing similar and equal lines. 
The angle included between the lines bc and ba@ in 
Fig. 13 may be taken at pleasure, provided it be less 
than one hundred and eighty degrees. Decide upon a 
unit of distance, as bd, for a unit of comparison. Draw 
the lined c; from the point a draw the line @e parallel to 
dc; prolong dc to intersect ae ate; then will be equal 
the rectangle of the lines ba and bc: now this line 
therefore represents the area of the rectangle of these 
lines, therefore one-half of it will represent the area of 


|the triangle abe (Fig. 12) measured by the unit of 


comparison bd (Fig. 13). For triangles cbd and eba 
are similar; therefore, eb: ba :: cb: bd; hence, ebx 
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bd=abxbe. If now we divide ebxbd by our unit bd, 
we will have eb = abxbe. Q. E. D 

From a well known principle of geometry we have | 
the area of a triangle is equal to one-half of a rectangle | 
having the same base and altitude. if the unit of 
comparison be taken as one inch on the same seale as 
the drawing, the length of the graphic line can at once 
be read off on the seale. By the aid of graphical 
calculus, the areas of any figures, the products of lines, 
the extraction of roots, the measure of angles by the 
lengths of their chords subtending them, and the solu- 
tion of many problems, difficult analytically, can be 
rendered simple, time saving, and interesting. 


SUMMARY OF METHODS 


When an outline of a set of voussorrs is given to an 
engineer ora draughtsman to calculate, it will be found 
expedient to determine first all the chords. In some 
cases where it is of great importance to work in the ex- 
trados joint of the voussoir, with the intersected hori 
zontal course of the wall, pier, or abutment, it becomes | 
necessary to fix the radial joints or vertical joints in 
such a manner that the chords exhibit great irregular- 
ity ; even in such a case, it is good practice to begin with 
the chords. 

Beginners generally attack the skewback stone of the 
arch first, and work it out completely, and so on in 
order all around ; but more rapid work may be done 
generally by starting with the first unknown radial 
joint, and so on until all the radial joints are determined. 

‘hen take up all the vertical joints, beginning always | 
with the first arch stone on the left-hand side. Then 
take up the horizontal joints, beginning at the left 
hand as before. When the vertical joints are deter- 
mined, add them up decimally and fractionally, to see 
how closely the total known vertical distance compares 
with the result ; similarly proceed with the summation 
of the horizontal joints. Generally, the fractional re- 
sults will cheek up admirably, but the decimal results 
will fall short of the true figure. A counter check on 
the verticals can sometimes be had, in sections or pairs, 
by referring to the established elevations of horizontal 
courses; when no error can be discovered by this 
method, the final resort is had to a summation of ex- | 
cesses over the fractional values, and also toasummation 
of deficiencies ; the balance struck by combining the two 
results will generally indicate an error of not greater | 
then one sixty-fourth of an inch. Tothestone showing | 
the greatest discrepancy add or subtract the balanced 
error, as the case may be, and the results may then be 
depended upon. In thus tracing an error to its source, 
the student or engineer will feel more confidence in the 
accuracy of his work. The writer would impress upon 
the minds of all who desire to attain the utmost ac- | 
curacy in their work, this principle: Never use a de 
duced result as a factor of a formula for calculating an | 
unknown quantity—if you can help it; or, in other | 
words, always use the figures that have been arbi- 
trarily fixed at the start so far as possible to obtain 
the unknown side or angle. The reason is obvious. 
If you use a quantity which is the result of your own | 
work, and it contained an error, that error would 
vitiate all your subsequent work. Suppose you are | 
obliged to use the value of a given angle to determine | 
some unknown side ; suppose this side is then found and 
you find it more convenient to use this calculated side 
than the given angle in subsequent calculations ; 
the natural tendency would be of course to use that 
method which will entail the least work ; but in voussoir 
work, at least, experience will teach you that the 
method which will produce the most accurate results | 
is the shortest method that can be devised. Take no 
chances of error, for all fine stonework calculations 
are generally worked out by two or more engineers at 
the same time, and if the results agree to the one sixty- 
fourth of an inch, the results are accepted. Care- 
lessness of method will cause more distrust of one’s 
work than a few unimportant numerical errors now and 
then. Whatever course of procedure you mark out in 
the werk before you, follow it faithfully, forsystematic 
procedure in all mathematical work is conducive to aec- 
curacy in results, and in no department of work more 
so than in voussoir caleulation. 


| 


RECENT IMPROVEMENTS IN THE MANU- 
FACTURE OF RIFLE BARRELS. 


At the recent meeting of the British Association, 
Mr. Arthur Greenwood, M.1.C.E., read a paper in 
which he stated that the introduction of steel rifle | 
barrels some five-and-twenty years ago, and the gra- | 
dual substitution of that material in place of welded 
wrought iron for the barrels of military rifles and arms | 
of precision, had caused great changes in the machinery | 
employed in their manufacture, and that a short de- | 
scription of such machinery could not be without 
interest in this great center of firearms industry The 
barrels generally used for military rifles are made from 
mild steel rolled solid and the bore drilled out. This 
is necessarily a costly operation, and numerous at 
tempts have been made at hollow rolling to avoid the 
expense of drilling. To effect this, barrel blanks or 
short pieces of steel have been drilled and afterward 
rolled on a mandrel to the desired lengths, and many 
thousands of barrels have been made on this plan. Of 
late years, however, the military authorities have 
insisted upon barrels being first rolled solid to the 
desired form and afterward drilled. At the Royal 
Small Arms Factory at Enfield a system of coutinuous 
rolling has been established, whereby the barrel has 
been rolled to its exterior form at one heat by pass- 
ing it through a number of rolls placed one after 
the other. A barrel is thus rolled in about half a 
minute, which gives a great saving in time and cost of 
production, and the material is not harmed by reheat- 
ing, as was often the case in the old system. When the 
rolled barrel has become eold, it is passed through a 
straightening machine, which takes out any short 
bends or kinks, and is thus made ready for drilling 
Before going to the drilling machine, the barrel goes 
to a machine which forees or squares up the ends, and 
prepares a bearing at each end of it upon which it will 
rotate in the barrel-drilling machine. The barrel-drill- 
ing machine has been specially designed to drill a per- 
fectly true hole through the barrel, and to avoid 
straightening by means of external hammering, which 
is extremely harmful to the barrel. Three barrels are | 


operated upon at one time, and driiled simultaneously | 
from both ends. The machine is horizontal, and the 


barrels rotate at from 700 to 900 revolutions per minute. | cost of this de 
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The drills are of the form technically known as D or 


licate operation. The automatic riflin 
machine is coming generally into use, and now, with 


NovemBer 20, 1886, 


half round bits, and are fed up automatically, a heavy | the automatic machine which rotates the barrel after 
pressure of water being injected up the barrels, so as|each cut, gives the feed to the cutters, and finally 
effectually to wash out the euttings or swath, and] rings a bell tosummon the attendant when the barrel 


thus insure the free action of the drills. About thirty | is completed. 


One man can attend to a numberof 


barrels can thus be drilled in the working day by one | machines, producing as many as sixty or seventy bar- 


attendant. 


This system reduces the cost of drilling to| rels per working day, whereas on the old system one 


little more than an eighth of the former system | attendant was required for each machine, producing 
employed at Enfield, the results as regards excellence | on an average twenty barrels per day. 


of work being at least equally good. The barrels are | 
then rough or quick bored, and then filled up, or fine | 
bored, in horizontal machines by means of square bits. 
This system is well known, and has undergone little 
change during recent years. The exterior of the bar- 


concentric with the bore. This bush revolves ina stay, | 
and steadies the barrel until spots or bearings have | 
been turned upon it, and from these spots the barrel is | 
rough turned. It is afterward finished in a copy-| 


MASSICK & CROOKES’ HOT BLAST FIRE 
BRICK STOVE. 

WE give views of this hot blast fire brick stove, as 
rel is next turned, and ingenious arrangements have] erected at the works of the Askham & Mousell Lron 
been made to secure the exterior being turned true or} Company, Limited, at Askham-in-Furness. This stove 
coneentrie with the bore. The system at present at) is the outcome of many years of experience obtained in 
work at Enfield effects this with admirable precision, a| the management and working of some of the largest of 
bush, or temporary bearing, being fixed to the barrel lthe Cumberland hematite iron works, and has been 


patent hot blast stoves. 


designed in order to avoid some of the many objections 
and difficulties that arise in 
It is, we know, the universal 
opinion of all ironmasters of any considerable experi 


the working of other 


turning lathe to the desired form, the result being a| ence that it is vain to look for much inerease in the 
barrel with its exterior practically concentric with its | prices of pig iron again. There may be, and no doubt 
bore, which is absolutely necessary for good shooting. | there will be, fluctuations from time to time; but the 
In rifling, little change has been made in the system,| good old days when pigs sold at 140s. per ton have 
but much attention has lately been given to reduce the‘ gone never to return, and it is useless to mourn after 
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those days. Ten years ago, many furnaces were con- 
sidered to have done exceedingly well when they could 
produce their 300 tons of pig iron per week, with a con- 
comptes of coke equal to 22 cwt. to 23 ewt. per ton of 
iron produced ; but those times are altered now, and 
at many of the best works, where appliances such as 
we now illustrate are fixed, a production of over 700 
tons of pig iron is effected, the expenditure for labor 
remaining the same, but the consumption of coke being 
reduced from 23 ewt. to 18 ewt, per ton of pig iron. A 
no less important item, viz., the wear and tear of plant, 
has been reduced to less than one-half of what it for- 
merly was 

The view shown below has been taken 
works of the Askham & Mousell Iron Company, where 
the number of furnaces are four, which are fitted with 
fifteen of the patent stoves. These stoves have the 
merit of extreme simplicity, nearly the whole of the 
brickwork being formed of ordinary shaped fire bricks, 
thus saving a considerable item, both in time and 





money 
and moulds of many and special sections are employed. 
The stoves are “regenerative,” being built somewhat 
on the principle of Messrs. Siemens’ well known fur- 
naces, the details of which need not here be gone into. 
Another good feature in this stove the largely in- 
creased area of the passages, which tends in no small 
degree to augment the results of production at the fur- 
naces. We have known of many instances where old 
plants with iron pipe stoves have required double the 
blowing cylinder capacity per ton of iron produced 
compared with the modern plant now working with 
these stoves. This, of course, more than a small 
matter, when it is considered that from 160,000 to 
200,000 cub. ft. of air are required for the production of 
one ton of pig iron. The arrangement of central heat 
is also a most admirable feature of this stove, for it 
answers the double purpose of preserving the outer or 
iron casing and at the same time preventing the escape 
of any heat. During the working of these stoves, the 
waste gases from the top of the blast furnace first enter 
through the middle of the stove into a large combus- 
tion chamber, formed for its reception. It there 
mixed with a sufficient quantity of atmospheric air, in 
order to insure perfect combustion. Thence it travels 


is 


Is 


Is 


down a second annular chamber, up and through a 
third, and finally down a fourth or outer chamber, by 


which time the gases have parted with the greater por 


| 


| tion chamber, where it gathers its final heat, 
| carries 


tion of their heat to the surrounding brickwork. After 
this it eventually descends under the center of the 
stove, thence to the chimney. When the stove is suffi- 
ciently heated, the gas and chimney valves are closed, 
and the valve, D, opened to admit cold air from the 
blowing engines. This air is admitted as near the outlet 
of the gas as possible, and takes a reverse direction to 
the gas. Entering under the stove, it passes up the 
outer walls, down the third chamber, up the second 
chamber, and thence it passes into the central combus- 
and thence 
These stoves are 


it into the blast furnace. 


| made specially strong and capacious where the greatest 


from the | 








heat is found, viz.,in and around the center; but as 
the outer chambers are approached, the brickwork is 
made thinner, and the annular spaces are nearer to 


gether. By this means the greatest heating surface is 
obtained consistent with durability. Five years’ ex- 


perience of these stoves at the Askham & Mousell 
Company's works has so thoroughly demonstrated 


| 





> 


iinge ; 


bis 
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, when compared with those stoves where bricks | their great economy and satisfactory working to the 


directors of this company, that they have ordered a 
further extension of such plant to be put down, and 
this is now being | eee with. It therefore, 
evident that in the Cumberland hematite district the 
pig iron manufacturers are fully alive to the import 
ance of not waiting for better times ; but they believe 
in putting their works into such a state of efficiency 
that they may command a profit even at present prices 
We understand that the patentees have over thirty- 
eight of these patent stoves at work in this country and 
on the Continent, all of which are giving great satisfae- 
tion.-—/ndustries. 


is, 


THE “MORGAN” MINER’S SAFETY LAMP. 


THE inventor claims for it some very special features, 
especially that when subjected to tests far more severe 
than are necessary toe xplode any of the other lamps 
incommon use, the “ Morgan” lamp will not pass the 
flame. It is claimed that the illuminating power of the 
lamp is higher than that of any other, and that the 
miner using it does not easily lose his light. These 
features are all the more striking as existing side by side 
in the same lamp; for the Royal Commissioners on 
Accidents in Mines, from their investigations of 





the | outside at any 


power was not compatible with real safety ; and, more- 
over, they were clearly of opinion that a lamp which 
was extinguished by the presence of firedamp was pre: 
ferable to one which was vot. Of course, if a miner 
had not confidence in his lamp, he would rather it were 
necessary he should grope his way out of the pit in the 
dark than that his lamp should continue burning in the 
popeeenee explosive mixtures of air and carbureted 
1ydrogen. But if his lamp were able to resist extreme 
tests, we have no doubt he would prefer the benefit of 
its light while making away in haste from the quarter 
whence danger seemed to threaten. One of the greatest 
difficulties owners have had to encounter when sub- 
stituting the Mueseler lamp, or the Marsant, for the 
Davy and the Clanny, is the vexation of the men in find- 
ing that the light of their new lamps so easily goes out. 
They say that with the Davy or the Clanny they are 
not under the necessity of going so frequently to the 
lamp station for a light, and never having seen an acei 
dent with the Davy or Clanny, they would rather go 
back to the old lamps. Then they strike against the 
new introduction, so that a really safe lamp, one which 















































THE MORGAN SAFETY LAMP. 

gives a good light and whieh will not easily be extin- 
guished, if such a thing has been devised, must be 
hailed as a great boon alike by masters and men. 

The experiments made to demonstrate the safety of 
the * Morgan ” lampappear to have satisfied many well 
known practical men, although Professor Lupton 
appears to have succeeded in making it fire; but as 
the usual tests can be applied wherever there 
apparatus for the purpose, the claims of the lamp can 
easily be settled one way or the other. 

The illustrations we publish above give a clear 
idea of the general form and the detailed construction 
of the lamp. There is a double shield, air being ad- 
mitted through circular holes punched in rows in the 
outer air plate envelope. Airis also admitted between 
the* two shields, both at top and bottom. ‘The inuer 
shield has long holes punched in it horizontally, but in 
no case are these opposite in situation to the holes of 
the outer shield. The boles in the inner shield alternate 
with those in the outer one in such a way that any cur 
rent of air passing the lamp in considerably broken in 
its force. Hence the difficulty of causing the flame to 
waver. Nocurrent can be made to impinge upon the 
angle which will create a direct draught 


is 


many lamps submitted for their inspection, arrived at| through the lamp 


the opinion, says Engineering, that high illuminating 


The internal portions of the lamp are so arranged 
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with respect to the admission of air to support the 
combustion of the oil, and the carrying off of the pro- 
duets of such combustion, as to obtain the maximuam of 
brillianey There is no mingling of the carbon dioxide 
which results from the combustion of the oil with the 
oxygen needed for the flame. A central tube, which 
earries off the whole of the products of combustion, is 
supported at a short distance above the flame by means 
of a wire gauze cone, truneated and inverted, The up- 
per end of the cone is secured to the upper end of the 
inner gauze. Under this arrangement, the clearing 
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of the gauzes from any accumulation which may occur 
is extremely simple. Asa matter of experience, it is 
found that only the gauze caps need to be cleared, ex-| 
cept at long intervals, the sides remaining unclogged, | 
The double shield prevents In a large measure the ac 
cumulation of coal dust on the outside gauze 
The lamp is locked by an exceedingly neat contriv- | 
ance shown in the illustratibn \ projection at the 
base of the lamp comes directly over a similar pro 
jection on the oil box. The lower projection is 
perforated vertically, and into the passage is simply 
pushed a leaden pin, which goes through the lower pro 
jection and partly into the upper Inside the 
passage of the lower projection is aspring which bites a 
he pin and prevents the latter being drawn 


one, 


groove in 
back 

When it is required to open the lamp, the pin is cut 
between the projections ; the upper half then falls out, 
while the lower half is simply pushed up, when it, too, 
fallsaway. The operation of locking and unlocking the 
lamp is thus effected with great expedition ; although 
the miner cannot tamper with the arrangement with- 
out certain detection. The same ease and simplicity 
characterize the method of removing any other por 
tions of the lamp for examination, and the replacement 
of the parts. 

The lamp was adjudicated the Gold Medal at the 
ternational Inventions Exhibition, 


SIMPLE EXPERIMENTS IN POLARIZED 
LIGHT. 

By GEo. M, 

I. 


HOPKINS. 


It is ever a source of pleasure to the student of 
4cience to be able to explore an unfamiliar realm by 
means of commeo iplace and readily accessible things, 
which, if not already possessed, may be had almost for 
the asking. 

There is searcely a branch of seientifie research more 
prolific in the development of expensive apparatus 
than that of light, yet there is nothing in the domain 
of physics capable of being better illustrated by appa 
ratus of the most simple and inexpensive character. 
The subject of polarized light, as intricate and diffi 
cult as it may at first appear, may be illustrated by 
apparatus costing less than a dime, in a manner that 
ean but excite the wonder and admiration of one inex- 
perienced in this direction. 

A small piece of window glass and a black covered | 
book constitute the apparatus for beginning the study 
of this interesting subject, and with a glass bottle 
stopper, a glass paper weight, or a piece of mica, the | 
effects of polarized light may at once be shown. ! 





POLARIZATION BY REFLECTION 


The book is placed horizontally near a source of | 
light, such as a window or a lamp, so that a broad | 
beam of light will fall obliquely on it, and upon the | 
book is placed the object to be examined, which may | 
be either of those named. | 

Now, by viewing the reflected image of the object in 
the piece of window glass, with the glass arranged at | 
the proper angle, it is probable that colors will be seen 
in the object. If no colors appear, it is due to one of 


b 





ANALYZATION BY BUNDLE 





FROM BLACKENED GLASS. 





OF GLASS PLATES AND VERRE TREMPE. 
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make with the polarizer or horizontal blackened plate 
is 35° 25’, and the polarized beam should strike the 
analyzing plate at the same angle, to secure the maxi 
jmum effects; bat it is unnecessary to measure thie 
angles, ax they may be easily determined by the ap 
pearance of the object. 

With the two plates of blackened glass much may be 
learned with regard to the properties of polarized light. 
Plates of mica of various thicknesses and forms, in- 
|clined at various angles, bowed and turned in their 
;}own planes, pieces of quartz, bodies of glass such as 
those already mentioned, and odd-shaped pieces of un- 
annealed glass, such as may be picked up at glass works, 
are easily secured objects. Brazilian pebble spectacie 
leuses often show gorgeous colors when turned at dif- 
ferent angles in the beam of polarized light. 

The writer well remembers the smiles provoked among 
|the storekeepers when he visited various stationery 
and faney goods establishments, armed with a Nicol 
prism, in quest of objects for the polariscope. As one 
article after another was placed upon a dark covered 

book, and examined with the prism, the writer ima- 
gined he could vaguely hear such words as Ward's 








policy, the purchases were generally made, for sanity 
was at once established when the dealer examined the 
articles for himself with the Nicol, and the price of 
certain glass objects immediately advanced. 

Seeing their own wares by polarized light, for some 
of the dealers, at least, was a new experience. 

The best position for the polarizing plate is near a 
window, with the broad light of the clear sky shining 
upon it. 

By turning the analyzing plate on the axis of the 

light beam, some curious effects may be observed. 
| When the plates are at right angles with each other, 
the polarized beam will be nearly quenched,* and when 
| they are parallel with each other, the reflection of the 
sky will be quite bright. 

The employment of a blackened glass reflector for an 
analyzer is attended with some difficulty, on account 
of the necessity of changing the position of the eye for 
each new position of the analyzer. A bundle of six or 

\. | eight plates of ordinary glass is more convenient, but 
not quite as efficient. ‘These plates will be used as 
shown in Fig. 2, the light passing through them to the 
eye instead of being reflected. The plates may be 
turned at any angle without changing the position of 
| the eye. 

The most perfect analyzer, however, is the Nicol 
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three causes : either the object is incapable of depolar 
izing the light polarized by reflection from the book | , p a u 
cover, or it is too thick or too thin to produce inter-| Prism.+ A very small one will answer perfectly for this 
ference phenomena, or the eye of the observer and the | ©!@88 of experiments, and is not expensive. But to re- 
glass employed for the analyzer are not in a correct | turn to our experiments ; when the analyzer and polar- 
position relative to the object and the polarizer (the | !&T are crossed and the field is dark, if a few pieces of 
book cover). mica of various thicknesses and shapes are held be- 
The glass, if thoroughly annealed, will produce no| tween the analyzer and the black glass plate, and 
“ bowed and inelined at different angles, a great variety 
glass, such as paper weights, ink stands, heavy glass | 0f tints will be observed, and if held in one position 
bottle stoppers, and the like, are either unannealed or| While the analyzer is turned, another effect will be 
only partly annealed, and are thus under permanent | noticed. 
strain, which is readily indicated by their action on| 
polarized light. A plate of mica of suitable thickness | Z 
exhibits bright colors when examined 5 ° 


effect on the polarized beam, but most thick pieces of | 






by polarized | 
light, particularly when the plate is either bowed or | 


inclined, 
To render the polariscope thus described more effi 


—— i ‘i HI 
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i 
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GLASS STRAINED BY PRESSURE. 

cient, a plate of glass may be placed on the book, when} Among the objects which may be examined in this 
the superior reflecting surface will at once make itself | way are the paper weights, stoppers, and other thick, 
manifest in the increased brightness of the colors and | partly annealed pieces of glass, a piece of glass held 
improved definition of the object. A still greater im- | edgewise in a hand vise or pair of pliers, and put under 
provement may be made by blacking one side of each | compression, as shown in Fig. 5. A piece of glass held 
glass with asphaltum varnish or any other convenient | edgewise for a moment in a small gas or candle flame, 
black varnish or paint, using in the experiments the|and then placed in the polarized beam, shows the 
unblackened surfaces, as shown in Fig. 1. strain by a light figure, like that represented in Fig. 6, 

The angle which the incident light beam should | 6 


a 











GLASS STRAINED BY HEAT. 


lor it may assume other forms, according to circum- 
stances. As the glass cools, the figure fades away. 
Small glass squares and triangular and diamond- 
shaped plates, about three-quarter inch across, sus- 
nded by a fine wire in the flame of a Bunsen burner 
or alcohol lamp until their corners begin to fuse, and 
* With black glass reflectors employed as polarizer and analyzer, the 
extinction of the light is not quite complete, even when they are arranged 
accurately at the polarizing angle. See paper on “ Polarized Light,” 12 
SUPPLEMENT 538, 
+ For description see SUPPLEMENT 538, 





Island, asylum, ete., and at this stage, as a matter of * 
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then cooled in air, become permanently strained, and 
exhibit symmetrical figures formed of dark and light 
spaces, but show little color on account of their thin- 
ness. By superposing several such plates, color effects 
may be seen. 

The beautiful verve trempe, or strained glass blocks, 
a few examples of which are represented at a, 0, c, d, 
in Fig. 2, are similar in character to what has just been 
described. They vary in thickness from one fourth 
inch to one-half inch, and even thicker. They-are 
expensive objects, but exceedingly beautiful and in- 
teresting. 

In Fig. 3 is shown a method of polarizing and analyz- 
ing with a single bundle of plates. It is, in principle, 
a Norremberg doubler. The light strikes the under 
surface bundle of plates at the polarizing angle, and is 
reflected downward in a_ polarized state, 
through the object which rests upon the horizontal 
silvered mirror. It is then reflected back through 
the object, and passes throngh the bundle of plates to 
the eye of the observer; the plates, as before stated, 
serving to analyze the polarized beam. 

A Norremberg doubler, which answers a good pur- 
pose, may be made by leaning a clear plate of glass 
upon the edge of a book, over a piece of ordinary look- 


ing glass, and employing a bundle of glass plates as an | 


analyzer, as shown in Fig. 4. Here the polarization is 
effected by the single plate of glass, and the analyza- 
tion by the bundle of plates held in the fingers 
Equipped with this instrument, the student of polar- 
ized light may proceed a long way with his investiga 
tions. 

in this instrument the objects to be examined are 
laid upon the horizontal mirror, and the inclined plate 
is arranged with reference to the light so that it will 


reflect the broad light of the sky downward. The} 


position of the single plate and bundle of plates may 
be varied to secure the best effects. 
In Fig. 7 is shown an arrangement by which the 
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DOUBLE POLARIZATION WiTH SINGLE GLASS 
PLATE. 


object and the blackened glass both act simultane- 
ously as polarizer and analyzer. By placing a speci- 
men of verre trempe eigewise on the blackened glass, 
as shown in the engraving, the light, striking the 


strained glass at about the polarizing angle, is reflected | 


from the back surface of the glass and partly polar- 
ized. The beaim thus polarized is reflected downward 
obliquely, and aft the same time depolarized by the 
strained body of the glass; it is reflected upward to 
the eye and analyzed by the blackened glass mirror, 
thus producing an image which is apparently below 
the surface of the mirror. The image seen in the 
verre trempe itself is produced by the reverse of what 
has just been deseribed. 
flected by the black glass mirror, and passes through 
to the back surface of the verre trempe, which reflects 
it back through the body of the glass; the glass then 
acts as both object and analyzer. 

When the polerizer, analyzer, and object are each 
movable, different effects will be produced by rotat- 
ing any of them. As a means of exhibiting comple- 
mentary colors, nothing can excel the polariscope, as 
the colors produced in the successive changes result- 
ing from turning the analyzer or polarizer are exactly 
complementary to each other. Little has been said 
about theories. ‘The writer's object is to interest the 
reader in polarized light suffic ently to induce him to 
study the literature of the subject. 

Il. 

Scientific experimentation, though practiced merely 
as a pastime, can but elevate the thoughts and bring 
the mind into new channels, thus promoting knowledge 
to some degree, even though the student proceed no 
further than the observation of effects. But once inter- 
sted in effects, the inquisitive mind cannot rest satis- 
fied without probing for causes. 

So far as effects are concerned, the subject under con- 
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MICA SEMI-CYLINDER. 


sideration is everything that could be desired, and no 
great scientific knowledge or high manipulative skill 
is required to secure splendid results. 

In the first part of this article, the writer mentions a 
few ways in which light could be polarized and analyzed, 
and gave hints as to some objects which might be 
viewed by polarized light. 


passing | 


7 


The light is polarized and re- | 


A few simple objects easily prepared from mica are 
| here shown. The material is of course procurable 
| everywhere, and it requires little more than a glance 
| at the engravings to enable any one to prepare the ob- 
jects. Doubtless many other forms than those illus- 
| trated will suggest themselves to the student. 
| The simplest form is shown in Fig. 8. It consists of 
a thin plate of mica bowed into approximately semi- 
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MICA SEMI-CYLINDERS CROSSED. 


| 


cylindrical form, and secured by its edges to a plate of 
glass by means of narrow strips of gummed paper. 
The size is immaterial ; the glass plate may be 1%¢ in. 
wide by 3in. long. This object exhibits fine bands of 
prismatic color when viewed in the polariscope. Two 
such semi-cylinders, when crossed, exhibit the intricate 
figure shown in Fig. 9, with all the splendid colors of 
the spectrum. 

The object shown in Fig. 10 is formed of a disk of 
mica having a sector cut out and the radial edges over- 
lapped, forming a low cone. The overlapping edges are 
best fastened together by small tin clips inserted in 
holes in the mica and bent downward on opposite sides. 
| The clips are not noticeablé, and are efficient in hold- 
|ing the edges together. Cement will not answer the 
purpose, as it adheres to the surface only, and it must 
| be remembered that mica splits almost indefinitely. 
| The cone thus made has the appearance in the po- 
|lariseope of a huge circular crystal of salicine. The 
| colors of the cone may be heightened by mounting it 
}on a sheet of mica, as shown in the engraving. The 
| cone is first placed in the polariseope, with the polar- 
| izer and analyzer crossed, and turned until it appears 
| brightest, when the lower edge is marked. The mica 
| sheet is then placed in a similar way in the polariscope, 
The cone is then cemented 





|}and turned and marked. 
| by its edges to the sheet, the marked edges of both 
members being arranged in the same direction. 
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MICA CONE. 


The Maltese cross shown in Fig. 11 is revoluble. The 
first step toward the preparation of this object is to se- 
cure a pin head downward on a square of glass with 
sealing wax or other cement. A small paper tube 
which will fit the pin loosely is then made, and a little 
head of sealing wax is formed around the tube near one 
end. A piece of mica is selected which exhibits fine 
colors in the polariscope, and four equilateral triangles 
are cut from it, either with their corresponding sides 
eut upon the same base line, or with one side of each 
cut from one side of a square, or they may be cut and 
mounted haphazard. 

To the apex of the angle designed for attachment to 
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MALTESE CROSS. 


the paper tube a small drop of sealing wax is applied, 
jand with the tube on the pin the first triangle is at- 
, tached by holding it in the required position by means 
| of a pair of tweezers, and then fusing the wax on the 
mica and that on the tube simultaneously by means of 

a small heated wire, such as a knitting needle. 
he other members are placed and secured in a simi- 


lar way, care being taken to arrange the triangles 
symmetrically, and at a slight angle with the plane of 
rotation of the object, as shown in the engraving. 

| The wheel shown in Fig. 12 and the star shown in 
Fig. 13 are prepared in a similar way. The sections of 
the wheel are cut from a circular piece of mica, and 
cemented in place on the paper tube after the fashion 
of a propeller wheel or wind wheel. 

Each ray of the star is made of two scalene triangles 
of mica oppositely arranged with respect to each 
other, and inclined in opposite directions, the longer 
and shorter sides of adjacent triangles being fastened 
at the periphery of the star by a minute drop of seal- 
ing wax 

















MICA WHEEL. 


In Fig. 13, beside the star are shown two somewhat 
similar objects, formed of strips of mica, pivoted to- 
gether on a small rivet, one object having the pivot in 
| the center of the strips, the other having it at the end, 
giving the object an agpearance similar to that of a 
folding fan. 
|. Any of these objects may be viewed by means of the 
| black glass polarizer in connection with either of the 
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STAR FAN AND CROSSED BARS OF MICA. 





forms of analyzer already described or in the 
simple form of Norremberg doubler. These objects 
are also very satisfactory when projected on the 
screen. 

III. 


One of the simplest and best instruments for a cer- 
tain class of investigations in polarized light is the 
Norremberg doubler, named after its inventor, and 
shown in a very simple form in the annexed engraving. 

To one edge of a wooden base, 6 in. square and three- 
| fourths of an inch thick, is secured a vertical standard, 
| lin. square and about 15 in. high, and to the top of 
| the standard is attached an arm extending over the 
| center of the base, and apertured to receive the short 
| tube containing the analyzing prisiu or bundle of glass 
plates. The tube may be made of paper, hard wood, 
or metal, and it should be fitted with a shoulder, so 
that it will turn readily in the aperture of the arm, To 
the standard below the arm is fitted a stuge formed of 
a thin piece of wood centrally apertured and black- 
ened. 

The stage is notched to receive the standard, and is 
attached to a short vertical bar 1 in. wide. A clip of 
wood extending across the back of the bar, and two 
small clips secured to the sides of the short vertical 
bar, bear with sufficient friction on the standard to 
hold the stage in any desired position 

About 6 in. above the base, a grooved wooden strip is 
pivoted to the standard, by means of a coumon wooden 
screw, passing loosely through the grooved strip and 
tightly through the standard. A wooden knob is 
turned on the end of the screw, and serves as a nut to 
| bind the grooved strip in any desired position. The 
| strip, screw, and knob are shown in detail in Fig. 15. 

Into the groove of the strip is wedged or cemented a 
plate of glass, 4 by 9 in. A fine piece of ordinary win- 
dow glass will answer, but plate glass is preferable. 

Upon the base is laid a square of ordinary looking- 
glass, or, better, a piece of plate mirror. 

The tube shown in detail partly in section in Fig 16 
is provided with an inner tube of pasteboard or wood, 
divided obliquely at an angle of 35° 25° with the axis of 
the tube, and upon the oblique end of one-half of the 
tube are placed twelve or fifteen well cleaned elliptical 
microscope cover glasses, which are held in place by 
the other half of the divided tube. This bundle of 
glass plates, if of good quality and well cleaned, forms 
a very good analyzer; but instead of this, if it can 
be afforded, a small Nicol prism should be secured and 
mounted in a centrally apertured cork, the latter being 
inserted in the analyzer tube, as shown in Fig. 17. 
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The object to be examined may be laid either on the | Hoffman. 


tage or on the mirror below if viewed on the stage, 
he usual effects will be observed ; but if laid on the 
mirror, it is traversed twice by the light, onee by the 
incident beam aud once by the reflected beam. This 
is particularly noticeable in thin films of miea and 
selenite, and it serves as an excellent means for select 
ing eighth and quarter wave plates, which are useful 
in the study of cireular and elliptical polarization 
As stated ina former article, the writer intends to 
deal sparingly with the theoretical part of the subject, 
that having been treated extensively in Many physical 
works and in books especially devoted to light and 
opties. ‘ Ganot’s Physies” is prominent among works 
of its class, and * Light.” by Lewis Wright, and * Po- 
larization of Light,” by William Spottiswoode, are ex 
cellent books, bearing directly on the subject. The 
writer knows of no better means of securing a good 
knowledge of polarized light than by reading these 
three books.* 
Returning to the matter of the thin films: It is 
quite difleult to produce a perfectly uniform thin film 
of selenite, owing to the brittleness of the material. | 
For this reason, mica is generally used, as it possesses 
considerable flexibility and toughness. The common 
method of cleaving off thin films of mica is to split off 
a moderately thin plate and then separate the laminve 
at one of the corners by bending it between the thumb 
and fingers. A medium sized sewing needle secured 
yoint outward in a slender handle is probably the best 
instrument for teasing the lamine apart ; but after the 
separation begins, the thin end of the ivory handle of 
an ink eraser seems to serve the purpose exceedingly 
well. | 
A seore or so of plates are split, and examined one by 
one in the Norremberg doubler, by laying them on the 
mirror and turning them in their own planes, while the 
polarizer and analyzer are parallel. Should the plates 
exhibit any unevenness under the test, they should be 
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at once rejected. Such as exhibit an even tint should 
be preserved carefully, and examined further to de 
termine which, if any, possess the required qualities. 
Not every piece of mica will split evenly, therefore it 
may be necessary to make several trials before success 
is attained. 

Should the film, when placed on the stage, exhibit a 
dull plum color, slightly inelined toward red, when the 
polarizer and analyzer are parallel, it produces a differ 
ence of phase of half a wave length, and is called a 
half wave film. As a matter of course, if two films of 
like thickness, superposed and arranged with their axes 
in the same direction, produce the same color under 
the same circumstances, they are one-fourth wave 
films; and if a pairof films exhibit the same color when 
similarly arranged on the mirror of the doubler, they 
may be regarded as eighth wave films, as the polarized 
beam passes twice through the film to produce the 
same tint These films should be carefully mounted 
between glass plates, either dry or in benzole balsam, 
the latter being preferable. 

The practical application of the eighth and quarter 
wave films will be treated in a future paper. Beauti- 
ful and instructive designs made from thin films are 
described and illustrated in Wright's “ Light,” to 
which reference has been made. 


IV. 


The only simple device for exhibiting the rings and 
brushes of wide-angled crystals is the tourmaline tongs 
of the kind commonly employed by opticians for test- 
ing spectacle lenses; but the dark color of ordinary 
tourmaline renders a polariscope of this kind objec- 
tionable. 

A system of lenses devised by Norremberg, and im- | 
proved by Hoffman, is at present employed for observ- | 
ing the phenomena of wide-angled crystals ; but it is a| 
matter of some difficulty to secure exactly such lenses 
as are required for the apparatus as constructed by 


* These books may be had at this office at publishers’ prices. —Ep, 
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Very good results, however, may be obtain- 
ed by the employment of lenses designed for other pur 
poses, Reference is made to the hemispherical con 
densing lenses used by microscopists, and ordinary 
meniscus (periscopic) spectacle lenses. Six lenses in all 
are required. The converging and collecting systems 
are exactly alike, but they are oppositely arranged 
with respect to each other. In the present case the 
two systems are adapted to a Norremberg doubler 
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POLARISCOPE FOR EXHIBITING WIDE 
CRYSTALS. 


substantially like that described in a former part of 


this article, the main difference being that the instru- | 


ment now illustrated is made principally of metal. 


tube arranged to revolve in the outer tube. 

The lower system of lenses is contained by a tube 
fitted to the stage of the doubler. The arrangement 
of the lenses and analyzer is shown in Fig 19. The two 
systems of lenses being alike, a description of one will 
answer for both. The objeet, A, to be observed is held 
between the adjacent ends of the two tubes in the uni- 
versal holder shown in Fig. 18 

The lens, B, next the object is nearly a hemisphere, 
about 
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AIRY’S SPIRALS. 


eighths in. foeus. The second lens, C, a meniscus 





eleven-sixteenths in. in diameter and three-| 
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(periscopic) spectacle lens of 3 in. focus, is arranged 
with the coneave face one-sixteenth in. from the con- 
vex side of the hemisphere. Beyond the 3 in. meniscus, 
346 in. distant, is placed a bi-convex spectacle lens, D, 
of 4 in. foeus. The inner surfaces of the tubes are 
inade dead black by the application of a varnish formed 
of lampblack, and aloebet in which only a trace of 
shellac has been dissolved. 








ANGLED LONGITUDINAL SECTION OF 


TUBES OF POLARISCOPE. 


The tubes may have any suitable diameter, and the 
proportions of the doubler may be about the same as 


1" i f }indicated by Fig. 18, which is one-quarter actual size. 

The tube of the upper system of lenses is prolonged | 
upward beyond the upper lens to receive a Nico! prism, | 
K, or other analyzer, which is mounted in a short inner | 


The tubes and lenses shown in Fig. 19 are one-half size. 
The exace proportions, except as to the foeal lengths 
and distances apart of the lenses, are immaterial. The 
lower system of lenses must produce a very convergent 
beam of light, while the upper system is arranged to 
collect the rays after they pass through the crystal, 
and bring them within the range of vision. 

The angle between the optic axes in some crystals is 
so small us to permit of seeing them readily. Niter 
and carbonate of lead are examples of such crystals, 
but there are other crystals whose angle is so great as 
to render it exceedingly difficult to exhibit them, and 
in some crystals the angle is so wide as to render it im- 
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possible to see both axes at once. The only method of 
exhibiting them is by tilting the crystal first in one 
direction and then in the other, and viewing then | 
separately. ! : 

Figs. 20 to 25 inclusive represent the figures shown by 
several crystals in the instrument illustrated. The 
drawings, having been made directly from the objects 
by the aid of the instrument, are correct in form and 
proportion, but the beautifal coloring is necessarily 
absent. 

Fig. 20 shows the rings and brushes exhibited by 
ealeite in a convergent beam of polarized light, with 
the polarizer and analyzer crossed. With the polarizer 
and analyzer parallel, the dark cross is replaced by a 
white one. 

Niter is shown in Fig. 21 as it appears when the an 
alyzer is crossed. With the analyzer parallel with the 
polarizing plate, the dark brushes are replaced by light 
ones. Turning the erystal in its own plane produces 
different effects. 

In Fig. 22 is shown a figure produced by a slice of 
quartz cut at right angles to the axis of the crystal, 
and examined in the instrument with the analyzer ar- 
ranged atan angle of 45° with the polarizer. Crystals 
of quartz vary in their effects on the polarized beaim, 
some requiring the turning of the analyzer to the right, 
and others to the left to produce like results. For this 
reason the plates are called right or left handed, ac- 
cording to the direction in which the analyzer is requir- 
ed to be turned. 

By superposing a right hand quartz on a left hand 
quartz, the beautiful spirals discovered by Airy, and 
named after their discoverer, may be exhibited. These | 








spirals are shown in Fig. 23. 
In Fig. 24 is shown the figure produced by the inter- 
position of a quarter wave mica film between the pol- | 
arizer and a plate of quartz viewed in the instrument. 
This altered appearance is due to circular polarization, 
a phenomenon readily understood on reading the liter- 
ature of the subject, but requiring an explanation too 

elaborate for the space at command. 

Caleite polarized circularly shows singularly broken 
up and disjointed rings, the brush-like cross being 
absent; and when analyzed cireularly, or viewed 
through a quarter wave plate, as well as through the an- 
alyzer, the rings appear perfect, and there are no trans- | 
verse markings. 

Fig. 25 shows the intricate figure produced by a cal 
cite hemitrope, or pair of crystals arranged at right 
angles with each other. Somewhat similar figures are 
produced by crossed plates of mica. 

The following is a list of some additional objects 
which may be viewed in the instrument : Sulphate of 
nickel, sugar, aragonite, bichromate of potash, chryso- 
beryl chrysolite, topaz, anhydrite. 

Instead of employing the Norremberg doubler for 
polarization, the lower tube may be prolonged, and a | 
large Nicol prism inserted and arranged like the ana- 
lyzer. 


- v. 

The examination of microscopic crystals by the aid 
of the polariseope is an exceedingly interesting part of 
the study of polarized light. The indescribable play of 
colors, and the variety of exquisite forms of the smaller 
erystals, render this branch of the subject very fascinat- 
ing. But to undertake the examination of this class of 
objects in the usual way requires a microscope with the 
addition of a polariseope, which calls for an outlay of 
at least fifty dollars, besides the cost of the objects ; 
and while it is believed that such an outlay would be 
indirectly, if not directly, profitable, it is not necessary 
to expend a fiftieth of that amount to arrive at very 
satisfactory results. 

The cost of the compact and efficient little instru- 
ment shown in Fig. 26 is as follows: 1 pocket magnifier, 
having two lenses 145 in. and 2in. foeus respectively, 
viving when combined a ° in. focus, 50 cents; eighteen 
elliptical microscope cover glasses for analyzer, 38 cts. 





iN) 


POLARISCOPE 


The cost of wood for the principal parts, the paste- 
board tubes, the glass for the polarizer, and the metal 
strips for the slide-holding springs, can hardly be | 
counted, and the labor must be charged to the account 
of recreation ; so that less than one dollar pays for an 
instrument that will enable its owner to examine) 
almost the entire range of microscopic polariscope | 
objects with a degree of satisfaction little less than that 
afforded by the use of the best instruments. 

The form, proportions, and 
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the instrument are entirely matters of individual 
taste. In the present case, the hand piece and sliding 
stage are made of % in. mahogany, the handle being 
formed on the hand piece by turning. The stage is 
24g in. square, and has in its lower edge a half inch 
square, transverse groove, which receives the square 
rod projecting from the hand piece at right angles. 
The rod is held in the groove by a wooden strip 
fastened to the lower edge of the stage by two wood 
screws, so that it bears with a light friction on the 
under side of the rod. 

The hand piece and stage are both pierced above the 


——-- 








ail 
wall 


y @ 


LONGITUDINAL SECTION OF POLARISCOPE 


rod with holes which are axially in line with each 
other. The diameter of the holes is governed by the 
size of the cover glasses. Those in the instrument 
shown are of the exact size and form of the annexed 
diagram. 





These cover glasses are procurable from any dealer 
in supplies for microscopists. Eighteen of them, at 
least, are required. The paper tube inclosing these 
glasses is a little more than 4} in. internal diameter ; 
its outside diameter is % in. and its length is 134 in. 
A narrow paper collar is glued around one end of the 
tube, and both the hand piece and the stage are coun 
terbored to receive the collar, as shown in the sectional 
view, Fig. 27. To the tube thus described is fitted an 
internal paper tube, which is about ‘1g in. shorter than 
the outer tube. The inner tube is divided diagonally 
at an angle of 35° 25’, which is the complement of the 


» ons’ 
35° 25’, 
polarizing angle for glass (54° 35). The oblique sur- 


| faces thus formed, when placed in the tube in opposi- 


tion to each other, support between them the glass 
plates at the polarizing angle. The simplest way to 
arrange the angles of the tubes and other parts of the 





FOR MICROSCOPIC OBJECTS. 


polariscope is by the employment of a triangle of card- 
board like that illustrated in Fig. 32. In fact, acopy of 
the triangle here shown may be used. 

It is sometimes a matter of considerable difficulty to 
clean the thin cover glasses without the risk of break- 
inga large percentage of them. An effective device 
for holding the glasses while they are being cleaned is 
shown in Fig. 29. It consists of a piece of thin Bristol- 
board, having an elliptical aperture loosely fitting the 


material of the body of | edges of the glass to be cleaned, and a plain card glued 





tothe back of the apertured card, and forming the 
bottom of the shallow recess into which the glasses are 
dropped for cleaning. The holder may be pressed 
down upon the table by the fingers of one hand, while 
the glass is rubbed with a soft linen handkerchief, after 
being breathed on. Gilasses that cannot be easily and 
thoroughly cleaned in this way are worthless for this 
purpose. 

Before the glass plates are put together, they are 
dusted with a camel's hair brush to remove any adher- 
ing lint and dust. The paper tubes are made dead 
black inside and outside. 
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AND DETAILS. HALF SIZE. 


The front of the stage is provided with a pair of thin 
brass springs, which serve to clamp the object slide 
with a light pressure to the stage. In the back of the 
stage, below the central aperture, is formed a groove 
for receiving the black glass polarizing plate. The 
groove supports the black glass at an angle of 54° 35’ 
with the plane of the stage, or at an angle of 35° 25 
with the holes in the stage and hand piece. The polar- 
izing plate may consist of a plate of polished black 
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FULL SIZE. 





TRIANGLE AND PAPER TUBE. 


glass, but it is generally ore convenient to employ an 
ordinary piece of glass blackened on one side. A thin 
| pine wedge cemented to the back of the plate causes it 
to bind in the groove of the stage. 

To the inner face of the hand piece is clamped an 
| ordinary pocket magnifier, shown in Fig. 28, by means 
of the wooden clip shown in Fig. 30. Fig. 31 shows the 
arrangement of the magnifier relative to the analyzer. 
Any magnifier of suitable focus may be pressed into 
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HOLDER FOR GLASS. 


the service. The face of the stage and other parts of 
the instrument visible throuzh the analyzer are black- 
ened. 

The object to be viewed is placed on the stage and 
focused, when the instrument is held so that the black 
glass polarizing plate reflects the light through the 
object and through the analyzer. The analyzer is then 
turned, and the object observed. To heighten the 
color effects, a plate of selenite or mica may be placed 





immediately behind the object, or between the stage 
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and black glass plate 
ness are selected by trial in the instrument, and pre- 
served for future use 

It is sometimes desirable to rotate the polarizer. 
When the black glass plate is used, this is impragfi- 
eable, but by removing this plate, and inserting in the 
stage a polarizer consisting of a tube containing plates 
like the analyzer, the effects of rotating the polarizer 
may be observed. To render the rotatiOn of the paper 
tubes smooth and uniform, their bearings in the hand 
piece and stage are rubbed over with the pofnt of a 
soft lead pencil, imparting to them a thin coating of 
plumbago, which diminishes friction and prevents 
sticking. The objects which may be examined by the 
aid of this instrument are very numerous. Many of 
them are easily prepared, and some need no prepfira 
tion at all. The chemical salts mentioned below may 
be prepared for observation by allowing their solutions 
to evaporate on a slip of glass: Alum, bichromate of 
potash, bichloride cf mereury, boracie acid, carbonate 
of potash, carbonate of soda, citrie acid, chlorate of 
potash, hypesulphite of soda, iodide of potassium, 
nitrate of ammonia, nitrate of copper, nitrate of soda, 
oxalic acid, prussiate of potash (red), prussiate of 
potash (yellow), sugar, sulphate of copper, sulphate 
of iron, sulphate of nickel, sulphate of potash, sulphate 
of soda, sulphate of zine, tartaric acid. 

Slips of glass, | } inches, are convenient for this 
purpose \ circle about 4 inch diameter is formed on 
each slip with a piece of paraffin or wax, and while the 
slips are supported in a level position, a few drops of a 
rather strong solution are placed in each circle, and 
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Mica plates of suitable thick- 


the slips are allowed to remain quietly until the erys- | 


tals form 

“or methods of covering and preserving these erys 
tals, as well as for hints on the preparation of the more 
difficult crystals, the reader is referred to the works on 
microscopy, as these matters are without the province 
of this article. 

The following vegetable and animal substances may 
be shown by polarized light 

Cuticles, hairs, scales from leaves, fibers of cotton 
and flax, starch grains, thin longitudinal sections of 
wood, oiled ; spictiles of sponges and rorgvonia, euttle 
fish bone, hairs, quills, horn, finger nail, and skin 
These objects should be thin and translucent or trans 
parent. It is necessary in some cases to increase their 
transparency by soaking them in oil or some other 
suitable liquid. 

Many rock sections and sections of minerals may be 
studied advantageously by the aid of polarized light, 
but since the objects are quite difficult to prepare, no 
list of them is given 

It is perhaps well to suggest that the polarizer and 
analyzer shown in Fig. 27 may be readily adapted to a 
microscope, placing the polarizer below the stage and 
the analyzer in the draw tubes. 


A LIMIT TO THE HEIGHT OF 
ATMOSPHERE.* 
A. Morr, Ph.D., LL.D. 


Dr. WM. HypE WOLLASTON, in his famous paper, 
“On Finite Extent of the Atmosphere,”} says : “If the 
divisibility of matter be infinite, so also must the ex 
tent of the atmosphere. For if the density be through 
out as the compressing force, then must a stratum of 
given thickness at every height be compressed by a 
superincaumbent atmosphere, bearing «a constant ratio to 
its own weight, whatever be its distance from the 
earth. But if the air consist of any ultimate particles no 
longer divisible, then must expansion of the medium 
composed of them cease at that distance where the 
foree of gravity downward upon a single particle is 
equal to the resistance arising from the repulsive force 
of the medium.” And Dr. Lardner ¢ says: “ Ifa particle 
of air were raised above this height by the application 


THE 
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By HENRY 


| servable 
| future time be attributed to some other cause, which | per second, hence this would represent the frie 


of ahy external agency and then disengaged, it would | 


drop by its gravity to the surface of the atmosphere, in 
the same manner and by the same law that makes a 
stone drop to the ground.” 

Prof. Mattieu Williams, in 1870, published a book 
bearing the title ** The Fuel of the Sun,” in which he 
attempts to account for the sun’s heat, and he claims 
that the correctness of his position rests upon the 
question: ‘ Whether the atmosphere which surrounds 
our earth is limited or unlimited in extent.” 

Williams claims that our atmosphere is but a portion 
of a universal medium which is distributed by gravita 
tion. ‘To obtain the weight of the atmosphere of anv 
body in space, it is only necessary, according to Williams, 
to “multiply the mass of the body expressed in units 
of the earth’s mass by its own square root, and the pro 
duct is the total weight of the atmosphere of the body 
expressed in units of the earth's atmosphere, or 
x ma/m, where vis the atmosphere of the body 
expressed in units of the earth's atmosphere, and m is 
the mass of the body expressed in units of the earth's 
mass.” One of the arguinents against a universal at 
mospheric medium is the facet that the most delicate 
tests for a lunar atmosphere give no evidence that one 
eXists 

If the moon had an atmosphere, just before the limb 
of the moon appears to reach a star § the latter would 
be seen through the moon's atmosphere, if there was 
one, and would be displaced in a direction from the 
moon's center. But the most careful observations have 
failed to show the slightest evidence of any such dis 
placement. The spectra of stars when about to be 
oeculted have also been examined, in order to see 
whether any absorption lines which might be produced 
_by tue lanhar atmosphere became visible 

The evidence in this direction has also been nega- 
tive 

if there is a lunar atmosphere, it is too rare to exert 
any sensible absorption upon the rays of light. It is 
also stated in some astronomical treatises that a lunar 
atmosphere having a density equal to only 4,5 of that 
of our own would be indicated by the acceleration of 
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The lunar atmosphere is, as Williams maintains, oniy | of nitrogen and oxygen as we are dragged through 
a graduated condensation of the general atmospheric | space, and we may constantly be picking up new ones, 
medium, and he caleulates that the pressure of the! If we entered regions of space in which there were no 
lunar atmosphere could only be »y of that upon the} particles fit to make up our losses, it would be an in- 
earth’s surface ; the barometer would stand six-tenths | teresting question how short a time would suffice 
of an inch (15°24 mim.) instead of 30 inches (762 mim.), and ; altogether to deprive us of our atmosphere.” 
the pressure , lb. (136°066 grms.) instead of 15 pounds Williams, speaking of the assumed limit to the height 
(6,803 29 grms.) per square inch, hence the lunar atmo. |of our atmosphere, and the supposed lominiferous 
sphere would be equal to a vacuum in the receiver of an | ether, says: ‘* What must be the action of such a resist- 
old fashioned air pump. ing medium [ether] upon the supposed boundary 

Williams claims that the gravital attraction of the atoms * of the atmosphere of our planet, as it is rush- 
earth would go on accumulating an atmosphere until. ing through it with its orbital velocity of nearly two 
such attraction was neutralized by that of some other millions of miles [3,21*,000 kilom.] per day ’ Obviously, 
orb, toward which an imaginary course was tending. | to brush them off the surface of the atmospheric ocean, 
If we eross the neutral line, and continue farther in the and leave them deposited in the midst of the luminifer- 
same direction, we enter the domain of another world, ous ether, as a gale of wind lodges the sea spray on a lee 
where the order of proceeding density is reversed. He shore. The outer atoms, thus removed, would leave 
caleulates the pressure of the atmosphere of the sun at | the rest below in the same condition of unstable equi- 
32,903,928 Ib. (14,923.906.601°68 grammes) per square | librium ; for according to this atomic theory, it matters 


foot. or about 230.000 tons (108.634.2144 kilogrammmes) not how great or how little be the extent of such an 
on the surface of a human body; in atmospheres, atmosphere of aggregated atoms—the outer layer must 


our | be subject to no pressure beyond that of its own gravi- 
tation, and that must be neutralized by its own elasti- 
below. Thus would this 


15,233°3. He calculates where the 
atmosphere would be one grain 
the bulk of an equal weight will be 


pressure of 
006479 grm.), 
105.200 times | city and that of the next 


greater than at the earth’s surface. Que grain | pewly exposed stratum of atoms be swept away by the 
(0°0679 grm.) there will occupy the space of 15, merciless ether; then another and another again, till 


153°55 grammes) the planet would be stripped bare to the bottom of its 
would be 15 times more rare, and one ounce (28°35 dry land valleys. Then the ocean, relieved of the pres- 
grius.) 240 times more rare. ; sure which restrains the volatilizing power of the 
Wollaston, after calculating the atmosphere of the | sun’s rays, would spring upward into the condition of 
sun, concludes that its extent would be so great as to gaseous elasticity, forming avuother atmosphere subject 
visibly affect the apparent motions of Mercury and to the same laws as the first, which would in like 
Venus when their declination makes its nearést ap- | manner be swept away from the surface of the earth, 
proach to thatof the sun. Nosuch disturbance being | leaving it ail in a condition of arid, lunar barrenness.” 
actually observable, he concludes that an atmosphere Even if the ether were traveling in company with the 
cannot exist. He also calculated the atmosphereef | earth in its orbit, there still remains the earth's axial 
Jupiter, and found it to be so great that its rarefaction | motion; and then the whole solar system is traveling 
would be sufficient “to render the fourth satellite visi-| through space at the rate of 400(00 miles (643,600 
ble to us when behind the center of the planet, and con- | kilom.) per day, all of which would tend to strip the 
sequently to make it appear on both (on all) sides at) @arth of an atmosphere. 
the same time.” I will state right here, however, that while all this 
Williams shows that Wollaston’s calculations are in- | appears reasonable if such a medium asthe ether exist 
correct, as Wollaston’s mistake is based orf the assump- | ed, still ldo not admit of the existence of any such 
tion that the atmospheric pressure and density at any | medium, nor do I see the least necessity for my doing 
given distance from the center of the giveu orb will so. My reason for this is foreign to the subject we are 
vary inversely with the square of that distance. As discussing, consequently | will proceed to show by en- 
the area of the base upon which such pressure is ex-| tirely new methods : 
erted varies directly with the square of the distance, 1. That if there is a definite height to the atmo- 
the total atmosphere above every imaginable start-| sphere, such height cannot exceed a given height to be 
ing distance would thus be ever the same. Williams | mentioned. 
also claims that the atmosphere in the interplanetary | 2. That there 7s a definite height to the atmosphere. 
spaces will be subject toth® same laws of motion asthe) 3. What that height probably is. 
solid planetary matter. Just what its density would be It is well known that the earth, by its revolution on 
he has not deduced. its axis. has on its surface at the equator an accelera- 
Observed and calculated movements of Encke’s and tion of 0°1112 foot (33908 em.) per second directed 
Halley's comets seem to indicate the existence in plane- | toward the center of the earth, and therefore in the same 
tary space of a medium-—as an appreciable and measur- | direction as the acceleration of a body falling in vacno 
able degree of mechanical resistance to motion of the | at the equator, which is 322 feet (97> 1028 cm.) at sea 
attenuated matter of which they are composed is ob-| level. The absolute acceleration of the body is there- 
This resistance may, however, at fore the sum of these two, or 32°3112 feet (95) 4036 em 
inten- 
at present | will not stop to diseuss. sitv of gravity at the equator, which would be demon- 
Let us now consider the various heights Which have | strated if the earth ceased to revolve around its axis. 
been assigned to the earth’s atmosphere by various in- The weight of all bodies would be increased (981°4036 
vestigators + 3°3908) in the ratio of 288 to 289. 
Sir John Robinson* says: “It is easy to show that| It therefore follows that if the earth 
the light which gives us what we call twilizht must be 289 = 17 times faster than it does now, loose objects 
reflected from the height of at least fifty miles, for we at the equator would fly off its surface. 
have it when the sun is depressed 18 degrees below the, To ascertain the height above the surface of the 
horizon.” The limit concluded, however, is45 miles (72°4' earth the atmosphere would have to be so that the 
kilom ); but Robinson says: “A very sensible illumin-| upper layer would have a velocity 17 times greater 
ation is perceptible much further from the sun’s place}than the velocity of the earth at the equator, is a very 
than this, perhaps twice as far, and the air is sufficiently simple calculation, and we find that a globe having a 
dense for reflecting a sensible light at a height of nearly | radius of 67.3843 miles (108,432°68 km ) would give the 
200 miles (3218 kilom.). . . result required. This would give the height of the 
Laplace states that at a height of 52.986 meters, or atmosphere, in this case, 63,420 88 miles (102,054°24 km.), 
less than 33 miles (53,097 meters), the atmosphere is the outer layer of which would have a velocity of 
thinned out to the utmost degree of rarefaction ob- | (1,521-8476X 17) 25,871°409 feet (7,855°6 meters) per second; 
tainable in an air pamp. ; but no such velocity or height is necessary, for the 
M. Quetelet has inferred the existence of what he calls | centrifugal foree generated is 1°881 ft. (0573 meter), 
the ** stable atmosphere,” occupying the region extend- | which is too great for the attraction of gravitation at 


Ib. (6803°39 grains) here. One pound 





some 


revolved 





ing from forty to eighty miles above the earth’s sur-|this outer layer, which is only 0°1114 ft. (3°395 em.), 


the observed period of an occultation. In answer to| 


this Williams says: ‘ This calculation 
assumption of an atmosphere suddenly and sharply 
terminating in an absolute vacuum.” 


* Read before the New York Academy of Sciences, November, 1886. 
+ Phil. Trans,, 1822. 

¢ Handbook of Nat. Phil. 

§ Astronomy, Newcomb and Holden, p. 381, 


rests upon the | 


face. } while at the evrth’s equator it is 32°2 ft (981°4086 em.) 

Newcomb and Holden+ state: ‘‘As shooting stars per second ; so that a body weighing one pound (453°55 
and meteors commonly commence to be visible at a orms.) on the earth's surface at the equator would 
height of about 160 kilometers, or 100 statute miles, the only weigh 24°2 grains (1°568 grms.) at the height of 
earth’s atmosphere must rise to this height.” 63,420°88 tiles (102,054°24 kim.). 

Lockyert states: * There is evidence to show that we As I have had oceasion to use the term “centrifugal 
have an atmosphere of some kind at a height of 400 or | force.” and will bave to use it again, and as long as 
500 miles” (643°2 to 804 6 kilom.). there has been considerable objection raised bv Tait, 

Prof. Alex. Buchan states § that: ‘ The limit of the! Daniel. and others to the expression, it may be well 
itmosphere will be reached at where the foree of grav- | for me. before proceeding, to explain what I mean by 
ity downward upon a single particle is equal to the | such an expression. : 
resisting force arising from the repulsive force of the| Jf a stone be whirled around like a slingstone by a 
particles. From the observations of luminous meteors, | string. the tangential velocity may be resolved into 
it is inferred that the height of the atmosphere is at | two com ponents—one acting along the ¢irele, and one 
east 120 miles (193 kilom.), and that in an extremely gway from it. The tension or stress ip the string bal- 
attenuated form it may reach 200 miles” (821°8 kilom.). | anees the eentrifugal component of tangeutial velocity 

Prof. David Trowbridge] claims that if the earth | at every moment. If the string should snap, the stone 
were 490° PB. (272° C.) warmer than it now is, the height flies off ih a tangential direction, and not from the 
of the atmosphere would be nearly doubled; and he eenter, hence some physicists have been led to say that 
fixes the present height at 343 miles (551 887 kilom.). there was no such thing as “‘eentrifugal foree,” ‘as no 

Prof. Alf. Daniel,*| speaking of our atmosphere, says : | such foree is counteracted by the tension of the string. 
“Ata height of 210 miles (33789 kilom ), the single Now, the fact is, the stone exerts a force upon the 
molecules are relatively so few (1,000 to the cubie em., string which is necessary, or it would not defleet into 
or 0061016 to the cubie in.) that each molecule might |g eurve, but would persevere in rectilinear motion. This 
travel through a uniform atmosphere of that density foree exerted is, in nv judgment, properly designated 
60,000,000 miles [96,549,000 kilom.] without entering into centrifugal force, as the ‘derivation of the word in- 
collision ; beyond a height of 300 miles [482°1 kilom.]| dieates. It is not a foree acting on the stone, but a 
the atmosphere is so rare (less than one molecule per! foree exerted by the stone on thestring. It must be 
cubie foot—28'32 cubie dee.) that the particles might perfectly evident that if there had been no cireular 
freely travel through such an atmosphere from one} motion around a center (from which the word centri- 
fixed star to another; while in the fields of space, at | fugal is derived), there could have been no tangential 
distances practically infinite from the earth or from | effeet on the stone when the string snapped ; it there- 
any other star, the number of eubiec miles containing a/ fore follows that scientists should not quibble on the 
single molecule would be represented by the figure 1 application of this term 
followed by 314 ciphers. 

* This opens to us,” says Daniel, “an extraordinary | 
view of the nature of our atmosphere. We must, . / : ‘ 
though the process cannot be rapid—for each particle fugal foree due to the earth’s rotation, is equal to g, 
rising from the earth is retarded by gravity, and falls gtavity then is equal to9(g=0). It is interesting to 
back toward the earth—constantly be losing particles Know, then, at what height above the earth's surface 


, : oi ; ; 
Now to proceed: When — that is to say, the centri- 


- _ ———— — 2 Y 
——s will — = g. 
r 
* Ency. Brit., Pneamatics, 8th edition, 
+ Astronomy, p. 380. . 
oN of Astueemn, | John Higgins, we arrive at the result. 
# Ency. Brit., 9th edition. Letting « = the number of times the earth’s radius 


Of Waterburg, New York; see Record Sci, Ind., 1878, p. 161. ror = 
q{ Prin. of Phys., p. 24 * Meaning molecules. 


By the following formula, deduced by my associate, 
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at the equator must be taken for the 
we bave: 
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a a ha 3,963°42 x 
2 © 3,963°42 *; 
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from which we deduce : 
a = 6°634 nearly ; 
then, when 
x = 6 O54, 
we have 


G@ = 0°73418 feet per second. 
C. F. = 0°73419 ’ = 
Henee, if we imagine the atmosphere to extend 


99 329-908 miles (35,928°82 km.) above the surface of the 
¥ 


earth. then the velocity of the upper layer will be 
10.085 °06 feet (3,073°93 meters) per second. 
oe . . ~ 
But the centrifugal force — at that height is 0°7541,* 
, 
while the attraction of gravitation is also 0°7341.+ 


Hence, at a height 6°634 times the radius of the earth 


from its center, =-y. Now for the application of 
this result: Sinee the centrifugal foree is equal to or 
sl] ghtly wreater than gravital attraction in the upper 
laver of such an atmosphere, it naturally follows, if 
matter regarded as heterogeneous—composed of 
molecules and atoms—and not homogeneous, any block 
or laver of air above this height would be whirled off 
into space. Hence we have demonstrated that unless 
the atmosphere fills the whole of space, it could not ex- 
tend above the earth to a height exceeding 26,293 328 
es (42,305-96 km.) above the center of the earth, or 
2»? 329-908 miles (3592882 kin.) above the surface of the 
earth at the equator; for if any attempt were made to 
so extend it, each layer or block of atmosphere added 
would, as just stated, be whirled off into space, thas 
leaving the height of this s“#pposed atmosphere always 
less than 22,329°328 miles (35,928°82 km.) in height. The 
weight of a mass of matter weighing one pound 
$53°50 grms.) at the earth’s surface would be at this 
height 159,065 grains (10,596 gis. ). 

| will now proceed to show that there isa limit to the 
height of the atmosphere, and thus comply with the 
second proposition. 

Williamst-claims that the elasticity of the atmosphere 
is unlimited ; and DanielS says: ‘** Thus a gas, with its 
tendency to indefinite expansion, has elasticity of 
volume,” 

Now it beeomes necessary, in studying the true height 
of the atmosphere, to investigate the question of un- 
limited elasticity and indefinite expansion, and this 
leads us to the consideration of bodies deprived of all 
heat, or at the absolute zero of temperature. In this 
condition, if the body was free from porosity, we should 
find the most compact condition that matter could 
existin. Just how‘many heat units would have to be 
taken from a body to reduce it to absolute zero is not 


is 


mn 


known as a faet; it is, however, assumed that as gas 
expands si, of its volume for every Centigrade degree 
or , for every F. degree) of added heat, therefore 
—273 CC, (—459 4 PF.) would represent the absolute zero, 


so that at —274 C. a body would be totally deprived 
of heat; whether this temperature is correct or not we 
do not know. The normail condition, then, of add bodies 
is the solid deprived of heat, and this was first pointed 
out by Dr. A. Wilford Hall.- A liquid or a gas is an ab- 
normal condition of matter, and they owe their existence 
‘h to the heat within them. If sufficient heat 
» be taken from a gas, it would become a liquid ; 


as suc 


were t% 


and if taken from a liquid, it beeomes a solid; and if all 
heat be taken from the solid, the normal contracted 
condition of matter is arrived at. 


Heat, therefore, expands matter, and changes its form 
and properties. Before proceeding, it will be necessary 
for me to state that I eonsider matter perfectly homo- 
geneous throughout, containing, in most cases, porosi- 
ty. but being free from s/“pposed moleeules and atoms, 
and I claim that experiment and reason dictate that 
matter is theoretically infinitely divisible. 
claim that the forces of nature are entities, 
jective things, although not material. We give 
to matter (for one reason) objective resistance, because 
it cannot be destroyed—its quantity cannot be altered. 
We must be just as consistent with respeet to force, 
which is likewise indestructible, and the quantity of 
which cannot be altered. I define energy as the power 
or ability of doing work possessed by foree. 

‘oree is the entity, not energy. Without further 
elaborating these points, I will proceed. Heat expands 
matter, but the expansion is not the result of separat- 
ing portions of it from other portions, but every por- 
tion, however small, down to infinity, is pen A 
Just asarubber balloon is expanded by blowing air 


| also 
real, 


Into it, and it will remain definitely expanded so long 
as a finite temperature is maintained. Just, then, 


as a piece of iron occupies a given definite volume at a 
fixed temperature, so will a gas occupy a given definite 
Voluine at a tived temperature—other forces not acting 
no matter if such a statement is contrary to mod- 
I aim perfectly well aware of the fact that 
the molecular theory @ssmes there is no cohesive force 
present ina gas which is allowed freely to expand lor 
in & gas unless subjected to considerable pressure. 

lu my judgment, there is not a particle of truth in 
such astatement. When water at 212° F.(100° C ) is con- 
verted into steam of 212° F. (100° C.), it expands 1,695 
tines its own volume. In each volume of steam, in my 
Judgment, there is just ;5, as much cohesive force at 
work as there was in the water; and to prove this we 
lave only to withdraw the heat, when the cohesive 
ntracts the steam sufliciently to convert it back 
into Water containing as much cohesive force as it did 





ou 






theories, 






itthe start. To proceed: If a vessel be filled with 
OXyYgen containing sufficient heat to enable it to exist 
as a gas (for less heat would permit it to exist as a 


* Prin. of Phys., p. 224, 

+ See Record Sci. Ind., 1878, p. 161. 

+ Science in Short Chap., p. 75, Standard Lib, 
§ Prin, of Phys, 


requisite height, liquid or solid), and the temperature of the gas, the 


vessel, and the surrounding air be found to be 21°11° C. 
(70° F.), the oxygen at this temperature will exert a 
given fixed pressure on the sides of the containing ves- 
sel, owing to the heat present in it, which has expanded 
(stretched it, so to speak) to that extent; it is the ex- 
pansive force due to heat that produces the pressure.. 
To prove this, we have only to add more heat to pro- 
duce greater pressure, or abstract heat to produce less 
pressure. 

The idea that a gas possesses the property of in- 
finite expansion without the exercise of an infinite 
amount of heat is contrary to all that experimental 
science has deduced or reason could dictate. After 
solid oxygen has received sufficient heat to permit it to 
be a gas at 21°11° C. (70° F.), it can expand no more 
than to a definite fixed volume, unless acted upon by 
|} some force which could overcome the forces of cohesion 
land gravity, which tend to prevent any increase in 
bulk. It must not be assumed that, because such a gas 
when liberated in the atmosphere Joes on distributing 
itself throughout the air, such action is evidence 
that oxygen has no fixed volume at 21°11 C. (70° F.). It 
might just as well be said of a piece of India rubber 
four inches in length that such a piece has no specific 
form at 21°11° C. (70° F.), because, if a force is applied 
‘at both ends in opposite directions, it can lengthen to 
twelve inches, 

The fact is that the minute the oxygen under con- 
sideration, or, in fact, any gas, is liberated in the air, 
such gas is immediately acted upou by the attraction 
of adhesion, which tends to make it distribute itself as 
sugar is dissolved in water. But the extent of its dis- 
tribution would be limited to the bulk of the air, as its 
volume is limited, and is kept so by the attraction of 
cohesion and gravity. 

This brings us to the consideration of elasticity, and 
to disabuse our minds of the idea that elasticity is a 
force, and, therefore, can do something. 

Elasticity, so far from being a force, is but an acci- 
dental property of a body, which within certain limits 
permits the same to expand after being compressed, or 
oice versd, 

Bodies at absolute zero of temperature can have no 
elasticity. No non-porous body could be compressed 
at absolute zero, nor can it be compressed until it is ex- 
panded by heat; there can, therefore, be no elasticity 
until a body is expanded. 

Elasticity is, therefore, a property matter possesses 
in virtue of its heat and cohesive force. Solids, liquids, 
and gases may be condensed in volume by the with 
drawal of heat, cohesive force acting as the contracting 
power, or they may be reduced in volume by the ex- 
penditure of mechanical energy ; in all such cases, the 
body will become heated, owing to the crowding of the 
heat into a smaller volume. 

As we might expect, the extent of elasticity in solids 
is less than in liquids, and still less than in gases. 

Perfection of elasticity and the quantity or extent of 
elasticity must not be confounded. 

Dr. Hall* gives as a definition: ** The amount of elas- 
ticity in any given body consists in the extent to which 
that body can be compressed with a given foree, while 
possessing still the innate property of restoration to its 
original form when released from pressure.” 

The quickness of recovery is principally dependent 
upon the mechanical energy stored up as force, and 
also upon the quality of the elastic property of the 
body in permitting the reaction among its infinitely 
sinall particles by this stored up force, and not at all 
upon its quantity or amount. 

When mechanical energy is used to compress a body, 
such energy is either stored up in the body or is con- 
verted into some other form of energy. In a body 
within the limits of its elasticity, the mechanical energy 
applied is stored up; when this limit is passed, the me- 
chanical energy is converted into some other form of 
energy in the body, probably entirely into heat. 

It is evident, then, that a gas is not possessed of un- 
limited elasticity, but is possessed of a limited amount 
of elasticity, dependent upon the extent to which the 
cohesive force has been overcome by other forces. I 
say other forces, for besides heat the force of adhesion 
in mixtures may have some indirect influence. Now 
let us apply this information to the problem before us. 

The atmosphere is acted on principally by four forces, 
the attraction of gravitation, of cohesion, of adhesion, 
and by heat. The heat in the atmosphere tends to ex- 
pand the air, and the temperature becomes reduced as 
the heat is made to do the mechanical work of expan- 
sion, which the attractive forces of cohesion, adhesion, 
and gravitation tend to resist; and when the heat 
remaining in the air can no longer overcome the‘action 
of these attractive forces, a limit is reached to the ex- 
pansion of the air, and the true height of the atmosphere 
is obtained. It must not be forgotten, however, that 
the atmosphere travels around with the earth, and that 
the centrifugal component of tangential velocity tries 
to overcome the tension of gravity, and when it accom- 
plishes this, any air which by some reason had lodged 
at such a height would, as has been already shown, be 
whirled off into space. 

So, then. as I have proved the height of the atmo- 
sphere to be limited—as its volume depends upon the 
amount of heat in it-such height must be less than 
22,329°008 miles (35,928°82 kin.), as I have also demon- 
strated 

Now let us endeavor to deduce the height of the at- 
mosphere, and thas comply with the third and last pro 
position. We cannot expect to get at the height ex- 
actly, but we certainly can approximate it very closely. 
If the earth was devoid of an atmosphere, we should be 
involved in total darkness from the instant of sunset 
till the instant of sunrise. 

The transition, however, from day to night and from 
night to day oceupies an interval which varies with the 
latitude and the declination of the sun. This interme- 
diate stage is called twilight. Morning twilight is called 
aurora, and evening twilight crepusculum ; the cause 
of both isthe same. Twilight is due to the reflection and 
refraction of the sun's light by that portion of the at 
mosphere which is still illuminated by the sun’s rays 
after he has set to us, or a similar portion on which he 
shines before he rises in the morning. At the equator 
twilight lasts 1 hourand 12 minutes, or yy of semiecir- 
cumference, which is equal to 18°. When the sun has 
descended so far as not to illuminate any of the atmo- 
sphere which lies above the horizon, twilight is at an 








* Dr, A. Wilford Hall, 


end. ‘It* is assumed when the sun has reached this 
ition, in which no portion of air that lies above the 
orizon is directly illuminated, faint stars will become 


| visible over the western horizon, and thus that the end 


of evening twilight is definitely marked by the appear- 
ance of such stars. In like manner morning twilight is 
astronowically defined as beginning when faint stars 
situated in the eastern horizon begin to disappear.” 
Therefore as long as the sun is not morethan 18 below 
the horizon, its light is reflected by the air, the clouds 
and vapors suspended in it, in sufficient quantity to 
render even distant objects visible. 

If the earth’s atmosphere were more extensive than 
it is, the twilight would of course be longer, since the 
sun would not cease to illuminate the higher portions 
of the atmosphere until more than 18 below the hori- 
zon; and if the atmosphere were less extensive, the 
reverse of this would be the case. 

Knowing, then, the depression of the sun (18° mean) 
requisite for the cessation of twilight, the approximate 
extent or height of the atmosphere has been calculated. 
In the ealeulation, the curvature of the incident and 
reflected ray due to refraction must be taken into ae- 
count. Without this correction, the result would be 49°3 
miles; with it, however, about 45 miles in height.t+ 

Sir J. Hersehelt states that ‘a secondary twilight 
may be traced even beyond the height mentioned, con- 
sequent on a re-reflection of rays dispersed through 
the atmosphere in the primarycne. The phenomenon 
seen in the clear atmosphere of the Nubian desert, 
described by travelers as the ‘after glow,’ would [he 
says] Seem to rise from this cause.’ 

We must bear in mind one fact, and that is that the 
atmosphere must have acertain density before light 
will affect it so as to send a sensible amount of reflected 
light to the eye of the observer through the interven 
ing body of air. 

The following table shows the density of the atmo- 
sphere above the earth at various heights :5 





Heights above Height of the Density of Pressure in 
the sea in Barometer in the air, sea pounds to 
miles, inches, level = 1. the »q. inch. 
0 30 15 
3-4 15 75 
68 3°73! 
10°2 18 
13°6 09875 
44°2 00086 0 0018 
47°6 Ou018 00009 
51° 00009 0 0004 





At the height§ of 13°6 miles. 
than hydrogen. At the height of fifty miles, the mer- 
ecury would be elevated about one thousandth of an 
inch, and the air would be less than one-thirty thou- 
sandth of its density at the sea Jevel, and, according to 
Prof. Norton, at this height the limit of the atmosphere 
is practically reached. 

Prof. Norton says that ‘‘ the intense cold of the up- 
per limits of the atmosphere tends to diminish the 
expansion of the air, by diminishing the repulsion 
between its molecules, so that it is probable that the 
height does not exceed forty-five miles ;” and he claims 
that this result is confirmed by the phenomena of re- 
fraction of the heavenly bodies. The speculation as 
to the distance a supposed molecule could travel with- 
out encountering another molecule at a height of 200 
or 300 miles (821 8 to 482°7 km.), as given by Daniel, is 
shown by Prof. Norton to be erroneous, as the intense 
cold of the upper limits of the atmosphere would tend 
to diminish the expansion of the air by diminishing 
the repulsion between the molecules. Daniel does not 
seem to have taken this factor intoaccount. As I have 
stated before, the minute that cohesive force and 
gravity get the best of the heat present in the air, that 
minute we arrive at the limit to the expansion of the 
air: and if we knew this point, as | have deduced the 
limit where the centrifugal force caused by the earth's 
rotation gets the best of gravity, we could easily assign 
to the atmosphere its true average height. 

say average, for the upper surface of the atmo- 
sphere must be like the surface of the ocean, always in 
wave motion, as the heat in the atmosphere fluctuates 
up and down. 

It is a simple matter of calculation to show that if 
the atmosphere were everywhere of the same density 
as at the level of the sea, its height would be 52 miles ; 
for the height of the atmosphere required to balance 
the column of mercury in the barometer would be 
11,000 « 29°922 inches (742 min.), or 27,400 feet (8°352 kim), 
where 11,000 represents the density of mercury com- 
pared with air. 

The pressure of air may therefore be reckoned as 
equal to a column 5° miles (8369 kin.) high, having 
throughout a density equal to that of the air at sea 
level. 

I have calculatedsthe weight of the atmosphere, and 
find it to be 5 3667073.781.969.589°2936 tons, and have 
also caleulated what its height should be if it had a 
uniform density, as that at sea level, and I have done 
this by an entirely new method. 

Experiment bas shown that 1°604 
grms.) of solid oxygen occupies 2°82 cu. in. (46 " 
therefore one ton will occupy 32,587 ea. ft. (68°31 cu. 
dee). It bas also been found that 687°3 vols of gaseous 
oxygen are condensed into one in the solid form. 

From this data, with a little labor, I have found that 
if the atmosphere consisted alone of oxygen gas, the 
height it would have at 32° F. (0° C.) and at density of 
sea level would be 4°53 miles (729 km.), instead of 5 
miles (8°05 km.), as deduced above. As, however, four- 
fifths of the air is nitrogen, and a somewhat larger 
volume of nitrogen must be compressed into one to 
form the solid, the difference—0'67 of a mile—would be 
made up to 5°2 miles, which proves the correctness of 
the two calculations. 

The next step is to find out from this data the height 
of the atmosphere in its expaided condition. This I 
have attempted to do also by a new method, which I 
will proceed to describe. 

Taking the average temperature of the air as 60° F. 
(15°55° C), and the temperature of space as —60° F 
(—51°11° C.), as calculated by Fourier, we can call the 
average temperature throughout the atmosphere from 
the earth to its height one-half, or —33°33° C. (—27-98 


ounces (45°467 
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* Norton's Astronomy, p. 156 


+See Johnson's Cyc., Twilight ; 8. Alexander, 
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F.). 
units to disappear as mechanical work doing expansion. 
Now the next step is to find out the true value of a} 
heat unit when all of its energy is used in expanding | 
the air, and none of it in raising the temperature. We | 
know that a gas expands sy of its voleune for each 
rise in temperature of 1° ©. (or ,}, for each rise in 
temperature of 1° F.); but in this case the heat unit 
not only has to do the work of overcoming cohesive 
force, and thus expanding the air, but of raising the 
temperature at the same time This result is not, 
therefore, what is required. 
We can, however, from 


analogy deduce its value. 
When water at 100° ©. (212° F.) is converted into steam 
of 100° C. (212° F.), its increase of volume, as stated 
before, is 1,695. This expansion is accomplished by 
533°5 heat units, and from this we deduce the expan 
sive value of a heat unit as equal to 3°12. Now, as we | 
have 33 heat units, their total value would be 104. | 
Applying this deduction to the number of cubie wiles | 
of atmosphere of equal density, which is 949,882,378°683 
eubie miles, I have deduced the height of the atmo- | 
sphere to be 49°83 miles, in round numbers, 50 miles 
(80°45 km.). This result not only agrees with the de 


20 
oo 


ductions made by Prof. Norton, but agrees with the | 
deductions made from the phenomena of twilight, | 
which fixes the height at 45 miles (72°4 km.). There is 


undoubtedly five miles of atmosphere of too small a 
density to reflect light, and this added to the 45 miles 
makes 50 miles (80°45 km,) as the probable height of the 
atmosphere. 

As I have cited cases where astronomers have stated 
that meteorites have been observed at the height of 
over 100 miles (160°9 km.), it may be well before closing 
this paper to allude briefly to such results 

It must be admitted at the start that great difficulty 
arises when we try toecaleulate the height of meteorites, 
owing to their limited duration and the fact that they 
seldom leave a persistent streak of light; again, it 


is 


necessary that two observers must not only see the 
same meteor from different stations, but at the same 
time. All these considerations cast some distrust on 


the various heights to the atmosphere which have been 
assigned from such phenomena, It is perfectly evident 
that no meteorites have been seen as high as 210 miles, 
when we take the molecular theory of the constitution 
of matter into consideration ; for Daniel* tells us that 





at such a height there are only 1,000 molecules in a 
cubie centimeter, and that each molecule can travel 
through a uniform atmosphere of that density sixty 
million miles without entering into collision And 
Daniel further tells us that the supposed ether, accord- 
ing to Clerk Maxwell, has the same density as the 
air at that height, or yoooq0un0$hbe00nnn0000 that of 
water. This being the case, a meteorite would not 


have to strike the atmosphere to be rendered incandes- 
cent, for its travel through the ether would accomplish 
this result. 

It is not even reasonable to assume that a medium 
of one hundred-nillionth of an atmosphere, or the 
density the air would have at about 90 miles (144°81 km.) 
above the earth, could offer sufficient frictional resist 
ance to render a meteorite incandescent ; for by caleu 
lation, it is easy to show that not even one per cent. of 
the space is occupied by the oxygen and nitrogen 
molecules, in fact only sixteen ten-billionths of the space 
is so occupied; the rest must be empty 

Even at the height of 68 miles (100°42 km.), where the 
density would be one millionth, it is not reasonable to 
assume sufficient frictional resistance, for the mole 
cules at this height only occupy one hundred and sixty 
one hundred-millionths of the space ; that is to say, In 
a cubic foot of such air the oxygen and nitrogen would | 
only oecupy one hundred and sixty-one hundred-mil 
lionths of the space ; the rest would be vacant so far as | 
the constituents of the air are concerned. 

At fifty miles (80°45 km.) in height we find that five 
hundred and seventy-three ten-millionths of the spacet 
is occupied by the constituents of the air, and the den- 
sity is about ggh_, of that atthe sea level. Ido not 
think it is reasonable to assume that a medium less dense 
would be able to offer suficient frictional resistance to 
a meteorite passing through it so as to heat the same to 
incandescence, For these and others that I 
have mentioned, I do not consider the various heights 
assigned to meteors by astronomers as reliable 

It must be understood that inasmuch as | do not 
believe in the molecular theory of the constitution of 
matter, but do believe that matter is perfectly homo 
geneous throughout, it naturally follows on this theory 
that at a height of fifty miles (80°45 km.) the air is still 
homogeneous, occupying the whole of the space ; it be 
ing simply expanded, dilated, or thinned out, every por- 
tion being expanded just to the extent that the heat pre 
sent has overcome the cohesive and gravital attractive 
forces. 

To close this paper, 


reasons, 





I would state that I have estab- 


lished the facet that if the atmosphere is limited in 
height, the height must be below 22,329°1156 miles 
(35,928 82 km.); also that the height of the atmosphere is 


limited, and that its probable height is fifty miles above 
the earth. 


DETERMINATION OF NITROGEN 
AND COKE 


A NEW method has recently been arranged by Herr 
8. Sehmitz, who applies the plan proposed by Kjeldahl. 
A quantity somewhat less than 1 gramme of the finely 
vowdered coal (a smaller quantity still will do if coke is 
' wing experimented on) is placed in a \y-liter flask 
made of good potash glass, together with 1 gramme of 
finely powdered mercury oxide and 20 ©. ¢. concentrated 
sulphuric acid, and heated to boiling point for three 
hours, or until dissolved. The cooled contents of the 
flask are then transferred to a “y-liter flask containing 
a little water, ‘To this is added ‘from 120 to 140 ¢. ¢, of | 
pure sodium hydrate solution, 35 ¢. ¢. of soluticn of 
yellow sodium sulphide, and a small piece of zinc. The 
flask is then connected by means of a bulb tube (to 
prevent spurting over) to an ordinary tube condenser, 
the other end of which dips into an excess of 1-20th 


IN COAL | 








normal sulphurie acid, contained in a small flask. <A 

* Prim. of Phys., pp. 224 and 28 

+ The number of mo nicu according to Sir Wm. Thomson, 
be 6.000,.000,000,000 000.08 . density at 30 miles there 
would be 214.900,000,000,000. 000. ules in cn. neh = 3,506,519. 800,000. 
000,000, Diam. of molecule=yagdseu9 Mm. Volume of a molecuk 
OQO0000000000ROORRSOS cu. mm .°. OOQ000873 en. inch, is the epace occupied | 
by all the molecules = cagyabae CU. in 
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After boiling for an hour with the mereury oxide and 
sulphuric acid, another gramme of the former is added, | 
and 2 grammes of finely powdered potassium perman- 
ganate, The boiling is then continued as above. The 


additional quantity of mercury necessitates double the | 


+ ee gy Ao sodium sulphide solution in the distilling 
flask. The distillation is carried on for 20 or 30 minutes; 
and the sulphuric acid solution, of which an excess has | 


been taken in the first place, is titrated with 1-20th| 


normal barium hydrate and rosolic acid. Coke pre 
pared ina platinum crucible may be treated as coal. 
Good results are obtained with coke that has been 
24 hours in the coking oven; but if the coke has been 
in the oven 48 hours or more, the results are not 
reliable. 


LAN( 


THE 1AUS BATTERY. 


THE Langhaus battery is designed for utilizing carbon 


for the production of an electric current. In the Jab 
lochkoff and Beequerel couples, in which carbon is 
employed for the purpose, a large quantity of the heat 
set free by the reaction is lost. The same is the case 
with the process that consists in separating metals 
from their oxides by carbon, or from their sulphides 
by means of some other metal. 

Mr. Langhaus proposes to use this waste heat in the 


production of an electric current. The apparatus 
devised by him for this purpose is shown in the| 
annexed figures. An earthen vessel, a, contains a 














crucible of marble or carbonate of magnesia divided 
into two ae by a partition that contains 
an aperture. The compartment, b, contains the oxides 
or sulphides, which, when melted, pass into the other 
compartment. Over this latter there is fixed a metallic 
eylinder, C, which provided with a piston, and 
which widens out into a capsule below. This cylin- 
der, again, carries a lateral tube, d. 

Finally, under the widened portion of C, there isa 
metallic disk, e, connected with two supports, é:, é:, pro- 
vided with terminals on the cover of the apparatus. 
The apparatus having been filled through the funnel, 


Is 


J, with the mass of oxides, and the latter having been 











Fie, 2 
melted by the burner, g, the carbon is introduced 
through the tube, d. The carbon is then compressed 


by the piston, and, being lighter than the molten mass, 
enters the wide portion of the cylinder, C. A violent 
reaction then occurs, leading to the reduction of the 
oxidized mass. 

The great quantity of heat liberated under these cir- 
cumstances is capable of producing an electric current. 
The communications being established as shown iu Fig. 
3, we have « complete circuit formed of the evlinder, C, 
of the carbon, of the molten mass, of the disk, c, of the 
supports, ¢,, é:. and of the external circuit. 

\ e have here, then, the proper conditions for the 
production of 





Fre. 3. 


bodies, carbon and metal, are in contact with a decom* 
poss able liquid. 

The current produced is very constant, since, in this 
ease, no appreciable polarization can oceur. If, for 
example, we take oxide of lead and carbon, 
gagement of carbonic oxide will ensue, but in conse- 
uence of the high temperature, it will not be able to 
fx itself upon the carbon, and, moreover, the deposit 





an electric current, as two different | 





There will therefore be 33°33 Contignuie heat | slight differe nee is wade in the treatment e. coke.|of metallic lead upon the disk will not cause any 


polarization. By means of the piston it is possible to 
renew the carbon without interfering with the opera- 
tion of the apparatus. 

The advantage of this proess is evident, since, in 
addition to the reduction of the metallic oxides or sul- 
phides, it permits of utilizing under the form of elee- 
tricity the excess of heat necessary to the reduction.— 
La Lumiere Electrique. 


EFFECT OF ELECTRICITY ON FINE 
| BALANCES. 
M. HENNIG DE WURTZBOURG having noticed some 





incomprehensible differences in the weights of equiva- 
| lent quantities, undertook some minute investigations, 
| which showed that balances of precision are often in- 
fluenced by the electric state of the glass cage whieh 
surrounds them. This electricity influences the small 
auxiliary slides which are placed upon the beam of 
the balance in order to make it more sensitive. The 
error resulting from this influence may amount to 
600 milligrammes when the cage is strongly charged, 
and two hours afterward there may still be an error 
of ten milligrammes. 
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—Summary of methods and necessity for exactness of the work of 
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y. MINING AND METALLURGY.—Massick & Crookes’ Hot Blast 
Fire Brick Stove.—A recent hot blast apparatus as erected at the 
Ashkam-in-Furness Lron Works.—Simplicity of its construction, 
permitting the use of ordinary fire brick.—Thorough absorption of 
the heat of the waste gases.—Number of these stoves now working. 

4 illustrations cae ces 
‘he “ Morgan” Miner’s Sa Safety Lamp.—An improv ed lamp. “ot 
comparatively high illuminating power.- The ree ipient ofa gold 
medal! at the International Inventions Exhibition.—The ae 
of its efficiency and its claims to success.—2 illustrations. 


. 


V. NAVAL ENGINEERING.—Launch of' the 
Hoche.— Detailed account of this launch; 
friction on the ways; the absence of la 
the operation under the supervision of M. Huin, the designer... 
Triple Expansion Marine Engines.—a paper read by Mr. ROBERT 
WYLLIE, of Hartlepool, at the Leeds meeting of the Institution of 
Mechanical Engineers.—Full discussion ot the sabject, including 
among other heads the consideration of steam velocities, piston 
valves, sequence and number of cranks, artificial a, and 
practical results attained on steamers............. ° 


French Ironclad Le 
0 question of support ; 
inclination ; success of 
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VI. ORDNANCE.—Recent [Improvements in the Manufacture of Rifle 
Barrels.— Abstract of a paper read at the last mee ting « = the Brit- 
ish Association by Mr. ARTHUR GREENWOOD, M.1L.C.E.—System 
of manufacture adopted at the Enfield factory ph drill- 
ing of three barrels from both ends: form of the drill bits; speed 
of rotation of the barrels; other details of the process... 9070 


Vil, PHYSICS.—A Limit to the Height of the Atmosphere. —By 
HENRY A. Mort, Ph.D., LL.D.—A long discussion of this ques- 
tion ; the limit of height of the atmosphere determined by the 
action of centrifugal force upon its outer layers ; full mathemati- 
cal exposition ‘ . TR 
Simple Experiments in Polarized Light.—By GroRGE M. Hop- 
KINS.— Anexhaustive treatment of the experimental study of this 
reap ; Observation of the effects of polarization with apparatus 
of the simple.t as well as of the more complex kind; home experi- 
mentation, and new objects for illustration of its laws; the most 
abstruse branch of the physics of light ~ a peeetat illustrations of 
polarized crystal sections.—26 illustrations... ............0 ...cccc caus 
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In connection with the Selentifie American, Messrs. Munn & 
Co. are solicitors of American and Foreign Patents, have had 42 years’ 
experience, and now have the largest establishment in the world. Patenis 
are obtained on the best terms 

A special notice is made in the Seflentifie American of a)l inven- 
tions patented through this Agency, with the name and residence of the 
Patentee. By the immense circulation thus given, public attention is di- 
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rected to the merits of the new patent, and sales or introduction often 
| easily effecte “d. 

Any person who has made a new discovery or invention can ascertain. 
free of charge, whether a patent can probably be obtained, by writing to 
Mrenw & Co 

We also send free our Hand Book about the Patent Lawa, Patents 
Caveats, Trade Marks, their costs, and how procured. Address 


Munn & Co., 361 Broadway, New York. 
Branch Office, 622 and 624 F St., Washington, D. C, 
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